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Cover Caption:

Heliophysics studies the entire domain of the Sun from its interior structure and dynamics to the
interaction of solar wind with the interstellar medium. Its discoveries are relevant to all three of the
other branches of the Science Mission Directorate (SMD). The changing solar output interacts
with each of the planets in different ways. The Sun is the only star that can be examined in suf-
ficient detail to use it as the Rosetta Stone for stellar astrophysics. Solar flares and coronal mass
ejections modulate the geospace environment affecting not only Earth-orbiting satellites includ-
ing Global Positioning Systems (GPSs), but also perturbing ground-based technologies such as
electric power grids. Extreme events could affect the safety of astronauts operating beyond the
protective shield of the magnetosphere. Heliophysics works on spatial scales that span over 10
decades and temperatures that range from 200 K to over 20 MK. For details of these images see
the key on Page v.
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The NASA STI Program Office ... in Profile

Since its founding, NASA has been dedicated to the
advancement of aeronautics and space science. The
NASA Scientific and Technical Information (STI)
Program Office plays a key part in helping NASA
maintain this important role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for
NASA’s scientific and technical information. The
NASA STI Program Office provides access to

the NASA STI Database, the largest collection of
aeronautical and space science STI in the world.
The Program Office is also NASA’s institutional
mechanism for disseminating the results of its
research and development activities. These results
are published by NASA in the NASA STI Report
Series, which includes the following report types:

¢« TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA pro-
grams and include extensive data or theoretical
analysis. Includes compilations of significant
scientific and technical data and information
deemed to be of continuing reference value.
NASA’s counterpart of peer-reviewed formal
professional papers but has less stringent limita-
tions on manuscript length and extent of graphic
presentations.

¢ TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or of
specialized interest, e.g., quick release reports,
working papers, and bibliographies that contain
minimal annotation. Does not contain extensive
analysis.

* CONTRACTOR REPORT. Scientific and techni-
cal findings by NASA-sponsored contractors and
grantees.

» CONFERENCE PUBLICATION. Collected
papers from scientific and technical conferences,
symposia, seminars, or other meetings sponsored
or cosponsored by NASA.

» SPECIAL PUBLICATION. Scientific, technical,
or historical information from NASA programs,
projects, and mission, often concerned with sub-
jects having substantial public interest.

* TECHNICAL TRANSLATION. English-language
translations of foreign scientific and technical ma-
terial pertinent to NASA’s mission.

Specialized services that complement the STI Pro-
gram Office’s diverse offerings include creating
custom thesauri, building customized databases,
organizing and publishing research results . . . even
providing videos.

For more information about the NASA STI Program
Office, see the following:

* Access the NASA STI Program Home Page at
http://www.sti.nasa.gov/STI-homepage.html

¢ E-mail your question via the Internet to
help@sti.nasa.gov

» Fax your question to the NASA Access Help Desk
at (443) 757-5803

e Telephone the NASA Access Help Desk at (443)
757-5802

e Write to:
NASA Access Help Desk
NASA Center for AeroSpace Information
7115 Standard Drive
Hanover, MD 21076-1320

Available from:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

NASA Center for AeroSpace Information
7115 Standard Drive
Hanover, MD 21076-1320
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Cover Figure Keys

The solar system 1s dominated by the Sun. Its constantly changing output of energy,
particles, and magnetic fields affects the entire solar system in a variety of
fascinating ways. The branch of science devoted to understanding these phenomena
and their relevance to other scientific disciplines is called “heliophysics.” It covers
vast ranges of temperature, densities, spatial scales, and energies. Particles and fields
from the Sun impact the Earth causing the geomagnetic storms and the buildup of
particles in the radiation belts. The effects of solar variability form an intricate chain
of complex physical processes that stretch to the edge of interstellar space, defining
the heliosphere—the volume of space in which humans will exist and operate for the
foreseeable future.

Sunspots are areas of concentrated strong magnetic field, often larger that the Earth.
They appear dark because they inhibit the flow of energy to the surface of the Sun
and thus are cooler. They appear in cycles peaking approximately every 11 years. At
the onset of a cycle, they appear at high latitudes, but emerge at successively lower
latitudes until most of the remaining activity is concentrated near the equator at solar
minimum.

Strong fields on the Sun can become twisted and stretched, storing energy that can
be released in flares. These explosive events can increase short wavelength
emissions from the Sun by many orders of magnitude in seconds, accelerate particles
to near relativistic velocities, and heat the solar atmosphere to over 20 MK. The
effects range from direct atmospheric heating, shortening the life of Low-Earth Orbit
(LEO) satellites, to complete radio blackouts by saturating those bands, GPS for
example.

Another type of eruptive event involving the reconfiguration and reconnection of
magnetic fields is the Coronal Mass Ejection. They are vast expulsions of coronal
plasma into interplanetary space where the fast moving (sometimes >2000 km/s)
ejecta interact with the solar wind. Sometimes they strike Earth’s magnetosphere
and, if the magnetic configuration is favorable, can cause geomagnetic storms and
other space weather effects.

Superposition of Exteme Ultraviolet (EUV) imaging of the cold plasma i the mner
magnetosphere (10,000 K), the hot plasma electrons (10,000,000 K) precipitating in
the aurora, the hot plasma ions of the ring current (up to 1,000,000,000 K). These
last make up the hottest region in the inner solar system, even hotter than the solar
corona (1,000,000 K).
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Auroras are one of the most obvious consequences of a geomagnetic storm
progress. Particles accelerated by magnetic reconnection m the tail of Earth’s
magnetosphere streaming along field lines impact the upper atmosphere creating
these dazzling and dynamic light shows in the polar regions.

The heliosphere represents the entire domain of the Sun stretching over 100 AU in
the ram direction and many times that towards its tail. This shape is rather like
Earth’s magnetosphere in the solar wind. Here, the solar wind slows due to the
inflow of interstellar gases forming a shock region. Similarly, the interstellar
material is slowed as it encounters the solar wind building up a bow shock.

A model of the complex interactions of the Earth’s magnetic field with the solar
wind using a 3-D modeling code developed and tested at the GSFC Community
Coordinated Modeling Center (CCMC) facility. It is one of many models that are
contributed to the center to help merge the different codes into a unified “Sun to
mud” model of the Sun—Earth system, and to transition those models to operational
use by the space weather community.

A solar prominence seen in He II 304A—relatively cold, dense material that was
originally suspended in the 1-million degree corona is ejected from the solar surface
at very high velocity.

Although this is not apparent by just looking at the cover figure, the background is
the zodiacal light against a star background taken by the Heliospheric Imager (HI)
instrument on the Solar Terrestrial Relations Observatory (STEREO).

Vi
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FOREWORD

This report 1s intended to record and communicate
to our colleagues, stakeholders, and the public at
large about heliophysics scientific and flight
program achievements and milestones for 2008,
for which NASA Goddard Space Flight Center’s
Heliophysics Science Division (HSD) made
important  contributions. = HSD  comprises
approximately 261 scientists, technologists, and
administrative personnel dedicated to the goal of
advancing our knowledge and understanding of the
Sun and the wide variety of domains that its
variability influences.

GSFC has a key role in every
major NASA  heliophysics
mission currently flying or
being planned.

HSD made some amazing
scientific  contributions to
better understanding the Sun
and its sphere of influence in
2008.

HSD has supported the
development of the mission

concepts and technologies vital
to the future of heliophysics.

HSD’s Mission is to explore the Sun’s interior
and atmosphere, discover the origins of its
temporal variability, understand its influence
over the Earth and the other planets, and
determine the nature of the interaction between the heliosphere and the local
interstellar medium.

Activities:

® [cad science investigations involving flight hardware, theory, and data analysis
and modeling that will answer the strategic questions posed in the Heliophysics
Roadmap;

® [Lead the development of new solar and space physics mission concepts and
support their implementation as Project Scientists;

® Provide access to measurements from the Heliophysics Great Observatory
through our Science Information Systems;

® Communicate science results to the public and inspire the next generation of
scientists and explorers.

QOutcomes:
® Open the frontier to space environment prediction;
® Understand the nature of our home in space;
® Safeguard the journey of exploration.

The HSD scientists and staff have had a highly productive year. The “Extreme Ultra-
Violet Normal Incidence Spectrograph (EUNIS),” Principal Investigator (PT) Doug Rabin
(671), and “Twin Rockets to Investigate Cusp Electrodynamics (TRICE),” GSFC Lead
Co-Investigator (Co-I) R. Pfaff (674), had fully successful flights on 2007 November 16
and December 10. The United States Air Force Communications/Navigation Outage
Forecast System (C/NOFS) and NASA’s Interstellar Boundary Explorer (IBEX) mission
were launched on 2008 April 17 and October 19, respectively. Rob Pfaff (674) is the PI
for the Vector Electric Fields Instrument (VEFI) science investigation on C/NOFS, which
includes five instruments, including contributions by several of HSD partner institutions.

Vil
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Tom Moore (670.0) and his plasma instrumentation team provided key portions of the
IBEX low-energy neutral-atom imager. With Mike Kaiser (674) as Project Scientist , the
two STEREO spacecraft reached their operational separations in 2008 and are now
observing the start of the rising phase of Solar Cycle 24. Joe Davila (671) led the
development of the inner coronagraph (COR1) on STEREO and is Goddard’s lead Co-I
on the Sun—Earth Connection Coronal and Heliospheric Imager (SECCHI) coronal
transient imaging investigation.

The past year also saw HSD scientists producing new scientific and technical results. Len
Burlaga (673) and his colleagues on the GSFC magnetometer team—M. Acuna (695), J.
Connerney (695) and R. Lepping (674)—observed Voyager 2’s crossing of the
termination shock caused by the collision of the solar wind with the local interstellar
medium at the outer edges of the solar system. In contrast to the earlier Voyager 1
encounter with this important boundary, the Voyager 2 measurements revealed a new
type of collisionless shock with strong coupling to interstellar neutral particles. Jim
Slavin (670.0), Guan Le (674), and Y. Wang (UMBC/GEST) published the first
gradiometric measurement of auroral field-aligned currents in low-Earth orbit using the
Space Technology 5 (ST5) micro-satellites. This approach provides current density
measurements that are not aliased by plasma waves and other temporal variations, and it
demonstrates the capabilities of micro-satellites to produce unique, research-grade
observations.

HSD published 213 papers in refereed journals in 2008, of which 44% had a GSFC
scientist as first author; 70 more papers are either in press or submitted. In addition, HSD
scientists gave 162 presentations at 65 different conferences, most of which were given at
the two American Geophysical Union (AGU) meetings. Appendix 2 details the body of
work that the group has accomplished in the last year or so.

HSD scientists garnered many top professional honors in 2008. The EUNIS rocket team
won the Robert H. Goddard Exceptional Achievement Award for Science. The National
Academy of Sciences awarded the 2008 Arctowski Medal to Leonard Burlaga. Spiro
Antiochos was elected a fellow of the American Physical Society. Jim Slavin received the
NASA Exceptional Achievement Medal for Space Technology 5, NASA’s micro-satellite
constellation technology mission launched in 2006. Anand Bhatia was invited to give the
Professor S.C. Sircar Memorial Lecture at the Indian Institute for Cultivation of Science
in Kolkta, India, which is one of India’s highest scientific honors. The Family Science
Night team won the Robert H. Goddard Exceptional Achievement Award for Outreach.
The TIMED' and STEREO teams won NASA Group Achievement Awards.

" TIMED: Thermosphere-lonosphere-Mesophere Energetics and Dynamics

Viil
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This Annual Report includes an overview of our current organization and facilities, FY08
science highlights, our programs and missions, and our education and outreach
accomplishments for FY08. It will also be made available online. Please check our Web
site for details (http://hsd.gsfc.nasa.gov/). We thank you for you interest in our program,
and would appreciate any feedback via the Web site.

-

—James A. Slavin, Director
NASA GSFC Heliophysics Science Division

1X
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PREFACE

This document summarizes the work performed in FY08 by members of the Heliophysics
Science Division (HSD) who conducted research, developed models, designed and built
instruments, managed projects, and carried out numerous other activities that have
produced significant contributions to understanding the domain of the Sun. Only a
fraction of these can be even briefly highlighted in this report.

The production of this report was guided by Holly Gilbert, HSD Associate Director for
Science, who, together with Keith Strong (SP Systems), assembled the contributions and
checked the report for accuracy, made suggestions regarding its content, and contributed
to several sections. Julia Saba (Lockheed Martin) and Yvonne Strong (American Society
of Microbiology) helped with the scientific and technical editing, and Julie Rickman
(GSFC) contributed by compiling the large bibliography of the HSD. The publication
was led by Elaine Firestone (TRAX International, from Goddard’s Technical Information
and Management Services Branch, [TIMS], Code 271) and graphics support was
provided by Robert Kilgore (TRAX International and TIMS). Many others in HSD
helped with useful and constructive suggestions concerning the organization of this report
and its content.

—Holly Gilbert and Keith Strong
March 2009



GSFC Heliophysics Science Division 2008 Science Highlights

HSD’s goal is to further scientific understanding of the nature and origins of the ever-
changing physical conditions throughout the vast volume of space controlled by the
Sun, and in which humanity will function for the foreseeable future.

INTRODUCTION

Heliophysics is simply the study of the domain of the Sun—the heliosphere—from 1its
nuclear core where hydrogen is transmuted into helium, producing the energy that drives
changes throughout the entire solar system, to the edge of interplanetary space where the
solar wind and magnetic fields cede control of the local physical conditions to the
interstellar medium. That represents over 10° AU® suffused with outflowing plasma,
magnetic fields, and solar radiation, with temperatures ranging from over 20 MK to near
absolute zero.

The heliosphere is an interconnected network of physical processes driven by the
relentless, but varying, outflow of energy from the Sun in the form of electromagnetic
radiation from Yy-rays to radio emissions, ionized and neutral particles, and magnetic
fields. All these forms of solar emissions interact in different ways in the wide range of
environments from the hot solar interior, through the Sun’s thin surface layers, into the
extended solar corona, and throughout interplanetary space to the very edge of the solar
system. Along their tortuous path, these emissions interact with different planetary
environments, comets, asteroids, and interstellar gas—each with its individual response
to the changing solar stimuli. HSD’s goal 1s to understand this system of systems.

Accomplishing this goal involves the study of the complex interactions between
electromagnetic radiation, plasmas, and magnetic fields, with three principal objectives:

o To understand the changing flow of energy and matter throughout the Sun, solar
atmosphere, heliosphere, and planetary environments

o To explore the fundamental physical processes that characterize space plasmas

o To define both the origins and the societal impacts of variability in the Sun—Earth
System

There are four major physical domains that encompass HSD’s mission: the Sun, the inner
heliosphere, geospace, and the outer heliosphere.

The Sun

The Sun generates not only energy, but also magnetic fields. The solar dynamo,
combined with both radial and latitudinal differential rotation, generates magnetic fields
and stores vast amounts of energy in them. Convection in the outer layers of the Sun and
the natural buoyancy of the flux ropes drag these strong fields (>1000 G) to the surface,
as evidenced by the presence of sunspots and faculae, which change the solar spectral
irradiance that provides the energy to drive Earth’s weather and climate system. Thus a
significant change in solar irradiance could affect Earth’s climate.
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Energy is transported from the solar core region (the inner 20% of the solar radius) by
photon radiation out to about 70% of the solar radius, but then convectional transport
takes over, carrying most of the energy to the surface of the Sun—the photosphere—
where the optical depth of the solar plasma drops, so that much of the energy can be
radiated away into space. The falling temperature gradient as the energy flows outward
seems well understood; however, just above the relatively cooler surface layers, the
temperature of the plasma rises rapidly again to form a 1-MK corona. The physical
processes involved in creating and maintaining the corona are not completely understood
as yet.

Radio
Magnetic Bursts
Reconnection

* Particle
icceleration

Chromospheric Magnetic
Evaporation Dynamo

’r Flow -
Canvection 4

Oscillations

S ¥
Irradiance
Variability

Solar Wind ' i

Acceleration : i\

Magnetic
Activity Cycles

Anatomy of the Sun.

The energy stored in the solar magnetic fields is often released suddenly by magnetic
reconnection to produce flares and coronal mass ejections (CMEs). Flares produce
emissions from 7Y-rays to radio wavelengths, accelerate solar energetic particles, and
transport material from the lower layers of the atmosphere up into the hot corona via
chromospheric evaporation, accompanied by ejection of material away from the Sun.
CMEs are vast ejection events that can grow to be many times the size of the Sun and at
times move with velocities exceeding 2000 km/s.

Another type of mass outflow from the Sun is more continuous but also highly variable:
the solar wind, which flows out along the spiraling solar magnetic field with velocities of
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between 300 and 700 km/s at various temperatures, densities, and compositions. The
manner of its acceleration is still not completely understood.

The Inner Heliosphere

This is the region between the Sun and Jupiter that is filled with outflowing, supersonic
solar wind and frozen-in spiraling magnetic fields—the Parker Spiral. The streams of
solar plasma evolve significantly as they pass through this region, where fast streams of
solar wind plough into slower-moving ones forming shocks. Transients, such as CMEs,
reshape the ambient environment. Some CMEs move faster than the local solar wind,
building up high-density fronts that form shocks where particles are accelerated to
extremely high energies. CMEs can expand as they move outwards, leaving low-density
regions behind the propagating front.

Electrons flow along the
large-scale magnetic field
lines, producing radio
bursts of various types and
show which field Ilines

PIOKAP remain connected back to
JON'GENERATION 3
- the Sun and which ones
SLOW.SPEED : \ | have reconnected.

SOLARIWVIND

Because of the spiral
nature of the fields, Earth

PARTICLEDY, &

ACCELERRTIN X = 18 betfer connected to the
= EHOCKERONT 20l A west limb of the Sun; thus,
;) OMPARRTIVES ~ an event at, or near, the

P LANETARY <= : - - f . .
S NTERRCTIONS 7 W '/ west limb of the Sun 1is

more  likely to  be
geoeffective than one in
the eastern hemisphere of
the Sun. Photons take only 8 min to arrive at Earth from the Sun, and high-energy protons
can be detected a few minutes later, whereas material from a CME event seen on the Sun
may take up to 3 days to arrive.

A CME propagates through the heliosphere towards Earth.

Geospace

Earth’s magnetic field acts as a barrier to most of the harmful particle fluxes originating
from the Sun. Much of the solar wind is directed around the magnetosphere, which forms
a teardrop-shaped shield around Earth. The shape and size of the magnetosphere change
as solar wind conditions vary. Earth’s magnetic field is compressed within about 10 Earth
radii (Rg) on the sunward side of the planet and stretched out by many tens of Earth radii
on the anti-sunward side. The faster and denser the winds, the more the fields are
compressed and stretched. The direction of the interplanetary field profoundly influences
the effects seen; a CME with an oppositely directed magnetic field will more likely
reconnect, allowing more energetic particles to enter geospace, and producing a more
energetic geomagnetic storm.
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Where the solar wind and Earth’s
magnetic field collide there is a bow
shock region. The fields become weak
and disorganized as they interact in the
magnetosheath. The surface where
Earth’s magnetic pressure is balanced
by the solar wind 1is called the
magnetopause; it often ripples and flaps
in the solar wind, and parts constantly
magnetically reconnect and break away.
In the polar region, there is a path where
the solar particles have easy access to
Earth’s magnetosphere—this is the cusp

region.
Energetic
Particles .
13 Neutral Upwelling
\ From Heated lon/Neutral

Region “* Escape

orm-=Tm O-—-MZOaPZT ABrO®
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Some of the complex physical processes that occur when incoming radiation and charged particles
interact with Farth’s dynamic atmosphere.

Closer to Earth, a completely different set of closely coupled processes occur. Here, solar
radiation has one of its primary effects. Ultraviolet (UV) light from the Sun, especially
when enhanced by flare emissions, heats the neutral atmosphere, increasing its scale
height, which reduces the orbital life of spacecraft. Gravity waves propagate up from
below in the neutral atmosphere. The thermosphere becomes partly ionized by absorbed
solar emissions that heat it increasingly with altitude. As a result of changing inputs, it
becomes highly dynamic. The ionosphere, the first completely ionized layer of Earth’s
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atmosphere, becomes very disturbed at times of high solar activity; these disturbances, in
turn, interfere with many forms of HF radio communications, and cause bulk outflow of
the 1onosphere into the magnetosphere from the auroral zones. High-energy electrons and
protons become trapped in the Van Allen radiation belts. The outer belt gathers electrons
from the aftermath of geomagnetic storms and substorms, accumulating enough plasma
pressure to produce a ring-shaped current around Earth that substantially inflates the
geomagnetic field. The inner belt originates from cosmic rays interacting with the upper
atmosphere. Charged particles spiral along the field lines, mirroring as they descend into
the stronger polar fields.

The Outer Heliosphere

e -pmw 1he characteristics of the

e S heliosphere significantly change
- past the orbit of Jupiter—this area
is called the outer heliosphere.
Here, the solar wind and transients
i interact with the gas-giant planets,

Msgostic which are very different from their
rocky cousins in the inner
heliosphere.

In this region, the nature of the
outflowing plasma also changes;
the interplanetary magnetic field
becomes mostly azimuthal, and
therefore, is perpendicular to the
solar wind flow and is where solar transients and interplanetary shocks catch up with
each other and form large Global Merged Interaction Regions. In addition, a larger
portion of the solar wind is composed of photoionized interstellar neutral particles,
known as pickup ions.

Heliotail
Region

With increasing distance from the Sun, the particle and field pressure of the solar wind
decreases until it reaches pressure balance with the local interstellar medium. This
boundary is called the heliopause; however, before reaching this boundary, the solar wind
has to slow abruptly below its supersonic speed at the termination shock, and start
deflecting toward the heliotail and continue slowing down in the region known as the
heliosheath. The interaction of the heliosphere with the interstellar medium is analogous
to the solar wind deflecting around Earth’s magnetosphere. It is postulated that the
interstellar plasma could also flow at supersonic speeds, necessitating the existence of an
external bow shock and a pileup of interstellar particles upstream of the heliosphere,
known as the hydrogen wall. Besides low-energy neutral particles, the extremely high-
energy galactic cosmic rays also enter the heliosphere, but not without first being
modulated by the periodically varying heliospheric magnetic fields. The termination
shock and heliosheath are thought to also be the source of an extra, anomalous
component of the cosmic rays observed at Earth.
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HSD is an internationally recognized research organization dedicated to the
furtherance of scientific understanding of all aspects of heliophysics.

THE HSD ORGANIZATION

At the end of FYO08, HSD was composed of 261 scientists, engineers, and other staff
supported by a small management and administrative team. The Division employs 75
civil servants (29%), as well as university scientists working under cooperative
agreements (13%), technical contractor staff (41%), NASA Postdoctoral Fellows (6%),
emeritus scientists (6%), and other support staff (5%).

The organization is divided into four Laboratories, each with its own Chief, as shown in
the figure below. HSD is supported primarily by competitively awarded funding from the
NASA Science Mission Directorate with the remainder made up of assigned NASA
tasks, Center research and development investments, and funding provided by other
Federal agencies.

Science & Exploration
Code 600
Director — Nick White

Earth Sciences || Astro I-gsms Heliophysics Science Division Solar System
Code 610 Code 660 Code 670 Code 690
Director Director Director - Dr. James Slavin Director
Franco Einaudi Bill Degerle Deputy Director = Dr. Thomas Moore | Anne Kinney
Assoc. Dir. for Science Info. Systems - Dr. Robert MeGuire
Senior Scientists Assaciate Director for Science — Dr. Hally Gilbert
Solar Physics — Joe Davila Assistant Director — Mr. Michael Horn
Heliospheric Physics— 0. C. 8. Cyr Business Management Officer — Ms. Teresa Mautino
Technology — John Sigwarth

I—'I—'_I

Solar Physics Heliospheric Physics Geospace Physics Space Weather
Lab. Chief 671 Lab. Chief 672 Lab. Chief 673 Lah. Chief 674
Doug Rabin Adam Szaho Me! Goldstein Michael Hesse

The responsibilities of HSD include:

o Scientific Research: HSD working as Principal Investigators (PIs), Co-Investigators
(Co-Is), Instrument Scientists, and flight team members have published 213 papers
and given over 185 presentations at scientific meetings in 2008 (see Appendices 1
and 2 for details).

o Project and Mission Scientist Assignments: HSD provides the project and mission
scientists who manage operating heliophysics missions, as well as those missions in
development (see the Missions sections, Appendices 3 and 4, for details).
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o Future mission concept development: HSD provides scientific leadership and
technical support for science mission concept development and formulation.

o Data and Modeling Centers: HSD Scientists lead and operate four major centers that
provide critical data services and simulation and modeling services to the
Heliophysics community. They are the Space Physics Data Facility, the Solar Data
Analysis Center, Heliophysics Data and Modeling Consortium, and the Community
Coordinated Modeling Center. These centers are funded directly by NASA and
reviewed periodically by NASA Headquarters-appointed external committees.

o Education and Public Outreach (E/PO): HSD scientists, led by the Associate Director
for Science (Holly Gilbert), carry out a variety of E/PO tasks supported by Project
and competitively awarded funding.

Like many Government, academic, and industrial research laboratories that perform basic
and applied research in specialized areas, HSD has experienced recruitment challenges in
replacing retirees and recruiting new staff to achieve its research goals, in addition to its
flight project, and data and modeling Center responsibilities. For this reason, HSD is
actively recruiting within the university community to attract new post-doctoral,
cooperative agreement, and civil service scientists. For example, in FYO08, HSD
welcomed 15 postdoctoral fellows to the HSD organization. The Division also has other
student development programs to attract more young researchers to space science and
retain the most promising candidates. Another important goal is to achieve greater ethnic
and gender diversity in the HSD workforce. Over the past year, HSD lost seven staff
members to retirement and hired six new civil servants (Holly Gilbert, Spiro Antiochos,
Jim Klimchuk, Eric Christian, Judy Karpen, and George Khazanov).
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HSD’s goal is to provide a safe and efficient work environment, consistent with being
a center of excellence for heliophysical research.

FACILITIES

HSD has people located in
several buildings on the GSFC
campus, primarily Buildings
=~ 21 and 26. Following the
~ opening of Building 34, plans
are in place to consolidate the
i whole Division into Building
21 over the next two years.
Once this is completed, all
HSD personnel, offices,
laboratories, and other
~ facilities will be housed in the
same building for the first

Building 21 Entrance time.

In 2008, the renovation of Building 21 was started. The most significant project was the
expansion and rehabilitation of the Space Plasma Instrument Facility. The original
laboratory configuration included a 753-square feet (ftz) clean room and 935 ft* of
laboratory space, and housed an electron vacuum chamber and an ion vacuum chamber.
Once the expansion is completed in mid-2009, the Plasma Laboratory will have 1200 ft*
of clean room, 1000 ft* of laboratory space, and an additional electron chamber. Other
renovation work included updating a conference room and some initial office upgrades.
A display area was added to the lobby to showcase HSD’s heritage, along with current
missions and scientific results.
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With a strong scientific base, HSD can function effectively to support and promote a

vital heliophysics program at NASA

2008 SCIENTIFIC HIGHLIGHTS

While it would not be practical to feature, in detail, all the
scientific accomplishments of the HSD team in this type of
report, a few outstanding examples of work that was
successfully completed in 2008 are presented in this
section. A short summary of individual scientific
contributions is given in Appendix 1, and more extensive
list of publications and presentations can be found in
Appendix 2.

EUNIS Probes a Coronal Bright Point

The Extreme-Ultraviolet Normal-Incidence Spectrograph %L,_ :

(EUNIS) is a Goddard-designed and operated sounding-
rocket instrument that obtains imaged high-resolution solar
spectra. It has now had two successful flights, on 2006
April 12 and 2007 November 16, providing spectra of

unprecedented temporal resolution (<10 s), as well
underflight calibrations for a number of orbiting solar
experiments on both occasions (including the
SOHO /Coronal Diagnostic  Spectrometer and the
Hinode/EUV Imaging Spectrometer).

Doug Rabin (PI) and the
EUNIS field team at White
Sands readying EUNIS for
launch

EUNIS gathers spectra in the 170-205 A and 300-370 A wavelength regions and is
calibrated to an absolute photometric accuracy of <15%. During its 2006 flight, it

obtained spectra of a coronal bright point (BP).
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The quiet solar corona is heated
predominantly by small-scale magnetic
reconnection events. It is estimated that BPs
could contribute 20% or more of this heating.

BPs, first identified from X-ray images, are
small (~2—-5 Mm) magnetic bipoles that exist
for periods from a few hours to a couple of

19_5:, L \ . A1 ... .1 days. There are estimated to be ~1000 on the
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Sun at any given time. To quantify their role

DEM of a coronal bright point. in coronal heating, scientists need to be able
to derive the typical physical conditions

" SOHO: Solar and Heliospheric Observatory
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within a BP. The EUNIS data provide that opportunity because of their extensive roster
of temperature and density-sensitive line ratios and radiometric precision.

The subsequent analysis enabled the EUNIS team to:

o Derive the first differential emission measure (DEM) of a coronal bright point (see
figure),

o Show that BPs have photospheric, not coronal, abundances, and so are likely filled by
chromospheric evaporation,

o Conclude that BPs are formed by magnetic-reconnection-driven chromospheric
evaporation.

EUNIS is funded for a third flight in 2010, which will explore a different wavelength
region with an advanced variable line space grating and more sensitive detectors.

10
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Coronal Tomography

The STEREO CORI instruments provide
white-light observations of the solar corona
from 1.5-4 solar radii (Rs) where the
transition from closed to open coronal
structures takes place. CORI1 polarized
brightness images from the two spacecraft
are used to reconstruct the electron density
structure 1n this region. The reconstruction is
performed by the regularized tomography
mversion method. This method allows
reconstruction only of structures that are
stationary during an observation period, 1.e.,
from a quarter to half a solar rotation for

periods when the Sun is relative quiet. The reconstructed density structure of the
equatorial streamer belt in most of the reconstructed domain is consistent with the
variation of the current sheet derived from a potential magnetic field model. This code is
being modified to provide these models routinely to help assess the value of tomographic
reconstruction in understanding coronal and heliospherical processes.

CAR 2066: Monthly Min,

CAR 2088; Joint Min,

360 0 90 180 270 360

400 600 800 =1

Spherical cross-sections of the reconstructed electron density for Carrington rotation 2066 at
heliocentric distances 1.6, 2.0, and 2.4, Rg (the distances are shown in the right upper
corners). Left panel corresponds to the reconstruction based on data with monthly minimum
background subtraction, and right panel corresponds to the reconstruction based on the same
data with joint minimum background subtraction. The white contour lines are boundaries
between closed and open magnetic filed lines for potential field approximation based on

NSO/GONG data.
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STEREO Tracks Solar Wind Compression Regions

The Solar Terrestrial Relations Observatory (STEREO) comprises two spacecraft in the
same 1 Astronomical Unit (AU) orbit about the Sun, with one leading Earth and one
trailing. They are slowly increasing their relative separation to provide a stereoscopic
view of solar phenomena, especially CMEs.

STEREO carries a wide-angle camera that can track the propagation of CMEs all the way
from near the Sun to Earth. Moreover, the STEREO team discovered that the instrument
can track high-density solar wind features as they propagate out from the Sun.

Joint STEREO and Wind in sifu observations connected for the first time solar wind
compression regions, observed at 1 AU for many years, with remote-sensing observations
of density enhancements in the inner heliosphere. This allows the tracking of these solar
wind structures back towards the Sun and the identification of the point of their formation
when fast streams ram into slower ones. This research is carried out by A. Szabo (672)
and B. Thompson (671) in collaboration with S. Plunkett of the National Research

Laboratory (NRL).
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Time/Date

Time-ordered difference images of the heliosphere taken from STEREQ, looking towards
Earth, with the Sun just off the pictures to the left. The bright band moving across the field
of view is the density enhancement. The plot shows the solar wind proton density
enhancement observed by Wind/SWE at the same time when the bright HI2 feature reaches
Earth.
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Coronagraph Prototype Tested at the
Chinese Eclipse

On 2008 August 1, a total eclipse of the Sun tracked
across Canada, Greenland, Russia, Mongolia, and China.
A GSFC group used this opportunity to successfully test
two new solar instruments that are candidates for future
space science missions.

The Imaging Spectrograph of Coronal Electrons
(ISCORE) obtained images in four narrowband filters that
will yield maps of electron temperature and flow speed

using a method proposed in 1973 and proven in previous
GSFC eclipse expeditions using a fiber-fed spectrograph.
The filter-based instrument is compact and ideally suited
to spacecraft application. A second instrument obtained
images with high angular resolution and high cadence (6
frames per second) to capture the dynamics of the coronal
structures close to the solar limb (see lower figure).
Results from the ISCORE experiment have been
submitted for publication.

The eclipse was also an E/PO success. There were live
Web casts, educational activities that were made available
online, and Web resources detailing the course and causes
of the eclipse that were made available to the public. In
addition, several HSD scientists were interviewed by
national news organizations.

Video

Latest .pr.ngra[n. 5

Most viewed

My playlist 1IN0
R Ny

il P
So

Topics

Brian Williams
Politics m Eclipse totalily
Hard Times

Health

World news
Beijing Olympics

Right to left: Joe Davila (PI), Nelson
Reginald, and Doug Rabin in the
Gobi desert preparing their instru—
ments for observing the eclipse.

The fine structure of coronal
streamers  imaged during the
eclipse expedition.

MSN Home | Mail

Our Planet

Making a
Difference

Holly Gilbert and Dean Pesnell explain the eclipse on NBC national news.
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STb5 First to Demonstrate Gradiometer Capabilities

On 2006 March 22, Space Technology 5 (STS5) was
launched into a full-Sun polar orbit (300 x 4500 km) as
part of the New Millennium Program. ST5 is NASA’s
pathfinder for future missions requiring highly capable,
affordable, small spacecraft; miniaturized subsystems;
and constellation mission operations. ST5 was designed
to show the utility of small satellites by flying a 3-
microsatellite  “string-of-pearls” constellation with
miniaturized Fluxgate Magnetometers (FGM) aboard.
The mission was designed, built, and operated by GSFC.

SpaceTechnology 5

Although the mission ended after 90 days of operation, the recent STS5 data analysis has
demonstrated the first magnetic field gradiometric measurement capabilities:

o First magnetic field gradiometer measurements of field-aligned current intensity

A ST5 - 15 June 2006 !30 ST5 - 20 June 2006
4F T 2 T & T T = Adr— T S T TR TR T =
2 0.5 ]
‘é L ]
% o - - E
= - i g
L —094 4 05} — 094 f —
2| —094-224 ' i ] [ —094-224 | ]
F — 094155 t ] § [ —094-155 | 5
£ VI I il ! il 1 -1.0 L 1 il PR i 1 L
Time 15:30 15:31 15:32 15:33 12:58 12:59 13:00 13:01 13:02 13:03
Alt(km) 781.0 859.2 941.3 10271 4433.5 4405.7 4375.0 4341.5 4305.2 4266.1
MLT(hr) 6.11 5.89 5.73 5.62 3.70 3.64 3.56 3.48 3.39 3.28
MLAT(") 72.5 8.8 65.1 61.5 601 -61.7 -63.4 -65.1 -66.7 -68.4

o First crustal magnetic anomaly measurements using two-point magnetic field

gradiometer.
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Voyager 2 Crosses the Termination Shock

The solar wind plasma is ejected by the Sun
in all directions at supersonic speeds. It
continues to travel at these speeds until it
encounters the interstellar medium, made up
of plasma, neutral gas, and dust. This
decelerates the solar wind and causes a
shock front to form—the termination shock,
which effectively marks the outermost limit
of the Sun’s sphere of influence. The
distance of this boundary from the Sun
varies depending on the direction of the
wind relative to the motion of the Sun
around the galaxy (the ram direction), the
density of the .locaq interstellar medium, tl_le 500 | -300  -100 100 00
strength and direction of the solar magnetic Astronomical Units
fields, and the velocity and density of the = =

z —
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Structure of the heliosphere, showing the ellip-
soidal termination shock and heliopause, and the
trajectories of Voyager 1 and Voyager 2.

The two Voyager spacecraft have been
heading out of the solar system for over 30
years. Voyager 1 crossed the termination
shock in December 2004 at 94 AU; however, Voyager 1 does not have a functioning
solar wind plasma detector. Therefore, detailed observation of the termination shock had
to wait till Voyager 2 crossed it in September
Termination Shock 2007. Since then, Voyager 2 has remained in
Rearmp il the heliosheath, the region of shocked solar
yerhoct wind. An unexpected finding is that the flow
there 1s still supersonic with respect to the
i thermal 1ons downstream of the termination
LSRR shock. According to the latest data, the wind
WYY YW downstream of the shock is cooler and faster
moving than researchers had anticipated. One
interpretation is that the solar wind 1is
imparting energy to neutral atoms from the
interstellar gas and causing them to ionize.
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The detailed structure of the neutral pickup
ion-dominated shock has been extensively

24398 24400 24402 24404 studied by the Voyager magnetometer team
DOY, 2007

Observations of the termination shock by of L. Burlaga (673), M. Acuna (695), and N.

Voyager 2, showing the magnetic structure (top ~ Ness (from the University of Delaware).

plot) and the decreasing speed across the

termination shock (bottom plot).

Solar Wind Speed
(km/sec)
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International Heliophysical Year

=

The International Heliophysical Year (IHY) is a global activity to

stimulate heliophysical

activities throughout the world. Planning began in 1999, and activities begin in 2001,
culminating in the “year” spanning 20072009 [the 50th anniversary of the International

Geophysical Year (IGY)]. There were IHY
national committees in nearly 90 nations
involving the efforts of thousands of scientists.
In March 2007 the IHY was officially opened,
and what a success it has been!

A total of 65 science campaigns were initiated
for the IHY, including the “Whole
Heliosphere Interval,” which involved over
100 scientists and 50 instruments. IHY science
sessions were held worldwide, and many THY
science meetings helped open the frontier of
heliophysical research. Perhaps the highlight
of these was the 2007 “IHY-Africa Space
Weather and Education Workshop” in Addis
Ababa, Ethiopia, which brought together over
100 scientists from around the world,
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Map indicating instrument deployments supported
as part of the IHY/UNBSS program. Please note
that the map does not include the majority of the
observatories participating in IHY, only those
participating in the instrument development
program.

including IHY leaders from African nations, to stimulate space science research

throughout Africa.

A major achievement of the IHY has been the deployment of instrument arrays,
particularly in regions where measurements were most needed. Each program involved a
team of scientists working together on problems of mutual interest. The distributed
instrument program, developed through the United Nations Basic Space Science
(UNBSS) program, facilitated the deployment of a wide range of instrument arrays all
over the world, including places that were thought to be unreachable (see figure).
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Total Eclipse
2006 Mar 29 _

. SN

W Brazil

Mag. =1.052 T 7
Gam. =0.384 Dur. = 4m Q78

F. Espenak NASA/GSFG

IHY Eclipse Viewing Stations along the path of
totality allowed people the opportunity to safely
observe an eclipse, receive educational materials,
and discuss the event with researchers.

Of course, outreach and education activities
were essential for the development of
heliophysics ~ worldwide.  There  were
traveling exhibitions, summer schools,
museum partnerships, student-run
experiments, online activities, and multi-
lingual materials. Excellent examples of
these were activities centered around natural
phenomena that attract a great deal of public
interest.

An IGY History program was also
developed, which recognized individual
participants, gathered historical material, and
held IGY history events and celebrations
worldwide.

GSFC Role: GSFC scientists perform the

majority of the duties of the secretariat. The IHY Executive Director is Joe Davila, the
International Coordinator is Nat Gopalswamy, and the Director of Operations is Barbara

Thompson.

Status: IHY’s official closing ceremony will transpire at the United Nations in Vienna on
2009 February 18. Transitional activities, which are aimed towards the solidification and
continuance of the IHY legacy, will continue through 2011.

17
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Heliophysics missions consist of an intricate network of space observatories that
monitor the Sun’s variability and its effects on the entire solar system, life, and
society.

HSD PROJECT LEADERSHIP

Heliophysics covers a vast volume of space from the center of the Sun to the edge of
interstellar space. HSD looks at diverse physical processes from magnetic reconnection to
particle acceleration, shock formation to convection, thermal conduction to nonthermal
heating. This requires the use of many different observing techniques from a variety of
venues. In recent years, it has become apparent that little further progress will be made
unless these phenomena are studied as a “system of systems.”

A fleet of spacecraft, often referred to as the Heliophysics Great Observatory (HGO), are
currently being flown; each spacecraft is addressing a different aspect of the problems
that HSD is trying to unravel. Goddard’s HSD is the nexus of these projects, having a
management role in all but three of these missions and scientific participation in all of
them. See the table below.

SOLAR MISSIONS & A

a~d8" TRACE ,
& : ~8 Ulysses

STEREQO

S
¥ ﬂ.‘ ¢ =
sorce ‘&  RHESSI o
SOHO C/NOFS

Wind ',

& .b‘/

SOHO

SOLAR WIND/ .,
HELIOSPHERIC _ 3
MISSIONS ~

GEOTAIL ' by
TWINS

Voyager 1 & 2
& THEMIS GEOSPACE
= MISSIONS

The Heliophysics Great Observatory: Currently, Heliophysics has three missions
observing the ionosphere, mesosphere, and thermosphere regions; six missions
observing the magnetosphere and ionosphere; seven missions sampling the solar
wind and heliosphere; and six missions observing the Sun. These make up a
powerful combination of in situ and remote-sensing instruments.

18



GSFC Heliophysics Science Division 2008 Science Highlights

The heliophysics missions flying in FY08:

Tefr(:el:tl;'ial Senior Proj'ect Scientist: Jim
Probes Slavin (GSFC)
Living Senior Project Scientist: Chris
With a Star St. Cyr (GSFC)
Mission Launch Date Project/Mission Scientist Scientific studies of:
IBEX 2008 Oct 19 Bob MacDowall (GSFC) Outer heliosphere
C/NOFS 2008-Apr-16 Rob Pfaff (GSFC) Ionospheric scintillations
AIM™ 2007-Apr-02 Hans Mayr (GSFC) Mesospheric clouds
THEMIS' 2007-Feb-17 Dave Sibeck(GSFC) Substorms
STEREO 2006-Oct-25 Mike Kaiser (GSFC) Coronal mass ejections
Hinode 2006-Sep-22 John Davis (MSFC) Solar magnetic ficlds
SORCE? 2003-Jan-25 Robert Callahan (GSFC) Solar irradiance
RHESSI 2002-Feb-05 Brian Dennis (GSFC) High-energy flares
TIMED 2001-Dec-07 Dick Goldberg (GSFC) Thermosphere, ionosphere,
mesosphere
Cluster 2000-Jul-16 Mel Goldstein (GSFC) Particle / magnetic field
2000-Aug-09 interactions
TWINS? 2000-Mar-25 Mei-Ching Fok (GSFC) Magnetosphere
TRACE™ 1998-Apr-01 Joe Gurman (GSFC) Solar atmosphere
ACE™ 1997-Aug-25 Tycho von Rosenvinge | Solar wind
(GSFCQC)
FAST* 1996-Aug-21 | Rob Pfaff (GSFC) Aurora Acceleration
Polar 1996-Feb-24 John Sigwarth (GSFC) High latitude magnetosphere
SOHO 1995-Dec-02 Joe Gurman (GSFC) Solar interior, magnetic activity
cycle, corona, solar wind
Wind 1994-Nov-01 Adam Szabo (GSFC) Solar wind
Geotail 1992-Jul-24 Guan Le (GSFC) Dynamics of the magnetotail
Ulysses 1990-Oct-6 Ed Smith (JPL) Solar wind
Voyager 1 1977-Sep-05 Ed Stone (JPL) Heliosphere
Voyager 2 1977-Aug-20

Appendix 3 is a brief outline (in reverse chronological order) of the purpose and status of
each of the current heliophysics missions and GSFC’s role in them.

" AIM: Aeronomy of Ice in the Mesosphere
" THEMIS: Time History of Events and Macroscale Interactions during Substorms
! SORCE: Solar Radiation and Climate Experiment
¥ TWINS: Two Wide-Angle Imaging Neutral-Atom Spectrometers
" TRACE: Transition Region and Coronal Explorer
" ACE: Advanced Composition Explorer

H FAST: Fast Auroral Snapshot Explorer
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“The best present is a future”—the next-generation instruments and spacecraft will
gather data from new vantage points, creating a vibrant future for heliophysics.

DEVELOPING FUTURE HELIOPHYSICS MISSION CONCEPTS

Introduction

At the moment, there are a number of future heliophysics missions in various stages of
development. Key to the future of the Heliophysics Great Observatory (HGO) and the
strength of this discipline are vitality of its strategic vision and the pipeline of new space
missions that are required to realize the vision. These missions always build on past
scientific achievements and technical capabilities, but it is essential that they produce
more than incremental results and that some of the more challenging missions be
undertaken not in spite of, but rather because of, the challenges they present to
heliophysics and NASA. All of these missions are part of the Solar Terrestrial Probe
(STP) or the Living With a Star (LWS) program. Heliophysics is a partner, with
Astrophysics, in the Explorer program (e.g., TRACE and RHESSI) and expects a steady
stream of grass-roots-developed, external Principal Investigator led Explorer missions
that will achieve more focused, nearer-term science objectives. There are also mission-of-
opportunity payloads on other Government and commercial spacecraft, and
collaborations involving international missions (e.g., Hinode and SOHO). There are also
NASA space technology development programs and the New Millennium program (e.g.,
STS), but these are beyond the scope of this document.

The next generation HGO
SOLAR MISSIONS : 2 elements. Two missions will
; focus on the Ionosphere,
Mesophere, and Thermosphere
regions; three missions will
solve key questions regarding
magnetic  reconnection and
charged particle acceleration
Orbiter Probé in the magnetosphere; four
missions will measure the
solar wind, determine its
acceleration mechanism in the
corona, and evolution as it
moves out into the heliosphere;
Interstellar . and four missions will probe
Probe . A = the outer layers of the Sun, its
atmosphere, and the eruption
_ of flares and coronal mass
Stellar * i : ejections. The missions marked
Sapge in yellow are currently just
GEOSPACE

concepts  that are being
Hfuossoééﬁcwl%g‘/gmﬁs MISSIONS developed and are not yet in

Sformulation.

47

Sentinels
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The heliophysics missions planned to fly beyond FYO0S:

Mission Planned Project/Mission Scientist | Scientific Studies of:
Launch

SDO’ 2009 Dean Pesnell (GSFC) Solar magnetic fields, corona

RBSP'/ITSP* | 2012 Barry Mauk (APL) Earth’s radiation belts

MMS? 2013 Mel Goldstein (GSFC) Magnetosphere

Solar Orbiter | 2017 Chris St. Cyr (GSFC) Hi-res solar imaging

Solar Probe+ 2018 Robert Decker (APL) Origin of the solar wind

Sentinels 2017 Adam Szabo (GSFC) Solar Wind / CMEs

Solar C Concept TBD High solar latitudes imaging or
atmospheric spectroscopy

GEC Concept TBD Earth’s electrodynamic
environment

MMC' Concept TBD Global magnetosphere processes

Interstellar Concept TBD Outer heliosphere

Probe

Stellar Imager | Concept TBD Activity cycles of Sun-like stars

The nature and timing of the missions may well change as a result of the NASA
Heliophysics Roadmap study and the National Research Council (NRC) decadal survey.
Appendix 4 provides some of the details of each of these missions.

" SDO: Solar Dynamics Observatory

" RBSP: Radiation Belt Storm Probes

LITSP: Ionosphere-Trosposphere Storm Probes
¥ MMS Magnetospheric Multiscale

"~ GEC: Geospace Electrodynamics Connections
T MMC: Magnetosphere Mission Concept
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Using NASA missions and activities to inspire, engage, educate, and employ is a key
component in creating a vibrant future for heliophysics.

HELIOPHYSICS EDUCATION AND PUBLIC OUTREACH

Significant opportunities exist to extend the impact of heliophysics science and related
mission activities to engage and inspire students in formal education settings, audiences
at informal learning centers, and the general public across the nation via the press and
other communication outlets. The complexity of heliophysics requires a systems
approach, and our E/PO efforts must mirror this challenge. In FY08, the Division has
taken steps to focus and invigorate its outreach activities by creating an E/PO leadership
position—Associate Director for Science—filled by Dr. Holly Gilbert. Under the lead of
Dr. Gilbert, the Heliophysics E/PO will show an increase in coordination in the
development and evaluation of HSD’s programs and products. Heliophysics outreach
goals are to:

o Communicate heliophysics scientific discoveries and advances

o Raise public understanding of space weather impacts

o Inspire the next generation of American space scientists

These goals can be reached by strategically integrating components of Education (K—12,
higher education, and informal education) and Public Outreach (e.g., media). Strong
university relationships also play a key role in HSD’s success, including adjunct support,
faculty visitors, and interactions created during sabbaticals spent at university.

Education

Summer Programs

Through many different summer programs offered (which will be integrated into one
large summer program starting in FY09), heliophysicists supported over 11 summer
interns (high school and undergraduate) in addition to several graduate students through
the Graduate Student Summer Program.

Co-op

The Cooperative Education Program is an important link in the educational process that
integrates college level academic study with full-time meaningful work experience. This
is achieved through a working agreement between GSFC and a number of educational
institutions. HSD supported three Co-op students in FY08.

Postgraduate Programs

o GSRP: The Graduate Student Researchers Program provides qualified graduate
students, in residence at their home institutions, with fellowship support on research
projects of mutual interest to the student and the GSFC mentor. HSD currently
supports seven GSRP students.

o NPP: The NASA Postdoctoral Program (NPP) provides talented postdoctoral
scientists and engineers with valuable opportunities to engage in ongoing NASA
research programs. HSD currently has 15 NPP staff members.
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Public Outreach

Given the large number of missions in the heliophysics fleet, all of the mission-related
outreach activities in a report of this scope cannot be listed, but a few illustrative
examples are provided:

o Community Events at Professional Science Meetings: The SDO team, in
partnership with the Rochester Institute of Technology Center for Imaging Science
Insight Lab and with support from the American Astronomical Society (AAS) and the
American Geophysical Union (AGU) has implemented two new E/PO programs held
prior to each of the AAS and AGU meetings. The Educator Reception is an
opportunity for local teachers to interact one-on-one with traveling scientists. During
the reception, the teachers can obtain materials to take back to the classroom to excite
their students in current science. AstroZone and Exploration Station are each a 4-hour
open house for local families, aimed at making science more accessible to the general
public and increasing public awareness of the current science being performed. The
first Exploration Station was held at the joint AGU/SPD’ meeting in Ft. Lauderdale,
and the third AstroZone was held at the AAS meeting in St. Louis. These two
programs will now each be held twice a year. Emilie Drobnes (SDO E/PO Lead)
presented a paper on the Exploration Station and AstroZone programs at the
international Committee on Space Research (COSPAR) meeting in July in Montreal.

o Data Distribution: as part of the SOHO/STEREO Pick of the Week feature,
STEREO images and movies are often sent out to over 230 museums and science
centers through ViewSpace kiosks and the American Museum of Natural History’s
AstroBulletins. Handouts and 3-D movies from STEREO were showcased at
Goddard Day in Annapolis, Maryland; Goddard’s LaunchFest; NASA Night at the
Air and Space Museum; the American Association of Retired Persons (AARP)
Convention; and the Association of Science Technology Centers conference. High-
resolution STEREO footage was provided to several production companies for
displays and TV productions.

o Distance Learning Network: the Endeavour Program, a collaboration between
STEREO/NASA and selected middle-school students from 18 school systems in
northeastern Pennsylvania, offered student teams learning opportunities with a NASA
solar mission. This involved receiving a distance learning (DLN) overview of
STEREO and 3-D imagery. The student teams conduct research on the mission and
space weather, make their own 3-D images, and present their images and explain how
STEREO is advancing solar science, also via DLN. A similar program engaged
middle school students in several other Pennsylvania school districts in 2008.

o  Web: SOHO Explore is the SOHO education and outreach Web site, including an
introduction to “Our Star the Sun” with images and videos, activities, and lesson
plans using SOHO data, educational materials, and an “Ask Dr. SOHO” feature.

" SPD: Solar Physics Division of the AAS
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General Outreach Activities

Family Science Night

Family Science Night is a 2-hour monthly program for middle school students and their
families designed to change their perceptions of science and how they respond to science.
The FY09 season will serve as final testing of the program, facilitator guides, and
evaluation tools. HSD hopes to begin a first round of dissemination next summer. The
Family Science Night team, led by SDO E/PO Lead Emily Drobnes, received the Robert
H. Goddard award at the September 10th ceremony.

Sunday Experiment

The Sunday Experiment is a 4-hour open house for the DC metro area.
During the event, visitors participate in various hands-on activities set up
throughout the museum at the GSFC Visitor Center. The goal of this
program is to expose the local community to GSFC and to begin to
change their perceptions of science and scientists. It is hoped that this
program can serve as a hook into other GSFC programs, such as Family
Science Night and the model rocket event, and start to build a GSFC
E/PO pipeline of sorts.

Museum Alliance: The Smithsonian Folklife Festlval
The 42nd Annual Smithsonian Folklife [
Festival was held 2008 June 25-July 6 on
the National Mall in Washington, D.C. The
Heliophysics Division was well represented
as several scientists and E/PO experts
volunteered for the 10-day event that
attracted over one million festival attendees.
The solar telescope was the hit of the space
science area. Other hands-on materials, such
as the 3-D compasses for mapping out
magnetic fields, were also very popular.

LaunchFest 2008

Thousands converged on GSFC in September 2008 to celebrate LaunchFest, where
exhibits and activities demonstrated Goddard’s many current and future missions.
Heliophysics activities, specifically the “Walk on the Sun” exhibit about STEREO and
the STEREO exhibit showing 3-D animations of the Sun, were extremely popular.

Sun-Earth Connection Education Forum

The Sun—Earth Connection Education Forum (SECEF) is a partnership between GSFC
and University of California Berkeley's Space Sciences Laboratory. SECEF brings
together the rich expertise of scientists, educators, and museums to develop innovative
products and programs with the goal to increase science literacy and focus attention on
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the active Sun and its effects on Earth. An example of a successtul SECEF activity is
Sun—Earth Day:

Sun—Earth Day is an annual national event (usually in March) supported by the SECEF,
Sun-Solar-System-Connection scientists, and spacecraft missions. The goal is to share the
science of the Sun with educators, students, and the general public via informal learning
centers, the Web, television, etc., through high-profile, well-supported annual events. For
Sun—Earth Day 2008, SECEF involved a worldwide audience in the celebration of the
[HY, “Space Weather Around the World.” Mission science and mission-developed
resources were highlighted on the Web site and in the 15,000 packets that were
distributed widely and used for training in educator workshops. Through podcasts, a
quarter of a million individuals were reached. On 2008 August 1, the Sun—Earth Day
team, with support from GSFC’s Public Affairs Office and NASA TV, co-produced with
the Exploratorium a Web cast of the total solar eclipse from China.

Public Media

GSFC’s outstanding data visualization team—the Scientific Visualization Studio
(SVS)—produces superior quality images, animations, and data visualizations in support
of a wide range of heliophysics communications and science activities, including NASA
Public Affairs press releases, live presentations, various print publications, television, and
video documentaries. In FYO08, new animations and visualizations were created to
describe mission science, for example, from IBEX, THEMIS, and SDO, allowing the
complete, complex, heliophysics story to be told in a way that is understandable to the
public.

Other successes of FY08 include over 50 stories (in press releases, www.nasa.gov, and
science.nasa.gov), written by HSD’s Public Affairs writing team, which was made
possible by a significant investment in heliophysics writing support. NASA heliophysics
has a direct conduit to spaceweather.com audiences through support of writer Tony
Phillips. This coordination is allowing HSD to make greater impact and obtain greater
attention for heliophysics science results.

In FYO08, two lLive-shot campaigns (live TV scientist interviews with TV stations around
the country) were produced, one based on auroras and incorporating the THEMIS
mission, and the other based on the 2008 eclipse. Additionally, for the first time in 2008
HSD produced vodcasts (i.e., video podcasts) for YouTube, iTunes, and www.nasa.gov
for some of the major heliophysics stories. The vodcast for the 2008 eclipse got 100,000
views on YouTube, and an eclipse preview featuring SDO had 80,000 page views.
THEMIS also benefited from vodcasts. The Associated Press picked up the vodcast titled,
“THEMIS: Spring is Aurora Season” resulting in coverage on almost every news site:

http://www.nasa.gov/centers/goddard/news/topstory/2008/aurora live.html.
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The congruence of expertise and experience in HSD makes it a natural center for
leadership in the design and implementation of science information systems.

SCIENCE INFORMATION SYSTEMS

NASA builds and flies heliophysics spacecraft and instruments to collect observational
data and increase understanding of the heliophysical system and its detailed processes as
can be pictured in a classic research wheel.

AR,
RESEARLH

NEW
UNDLRS TANDING

W
" WO BETTER
SCIENCE GUESTHONS

NEW
MISSIONS

V NEW '
WISSIONINSTHUMENT
- LONCEFTS

Today’s special heliophysics science challenge is to consistently understand the physics
and coupling of this “system of systems” over many spatial and time scales. Science
information systems are key to drawing data and science both from individual science
investigations and across the boundaries of the individual missions and instruments of the
Heliophysics Great Observatory (HGO) now operated by NASA. In addition, NASA’s
Heliophysics Data Policy (see links on http://hpde.gsfc.nasa.gov) demands open and
useful access to NASA data by the broad NASA and international science research
community to ensure full science return to the public on NASA’s investment in science
missions and investigations.

The congruence of instrument design, physics, modeling, data analysis, and information
technology expertise and experience in HSD makes it a natural center for leadership in
the design and implementation of science information systems (SIS) working in close
partnership with the external science and technology communities. Categories for
systems currently defined in the Heliophysics Data Policy include the following:;
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Mission/Investigation Data Facilities
Virtual Discipline Observatories (VxOs)
Resident and Final Archives

Science Data and Modeling Centers
Deep Archive(s)

O 0 0 0 0

The evolving heliophysics data vision is a distributed set of mission and investigation
data facilities closely tied to the scientists responsible for active processing of data,
coordinated with active archives and data centers joined together by Virtual Discipline
Observatory (VxO) data location, and retrieval and user services to ensure easy
consolidated access to usable data with views of the data customized to research
discipline needs. In general, the HSD expects to leverage existing capabilities and
services wherever practical, but to also support the introduction of new technology to
enable a more distributed architecture. The first versions of the VxOs are intended to
follow a “small-box” model focused on helping users find and retrieve fully described
data relevant to their research needs (e.g., selected by times with parameters in a given
data range from a selection of instruments).

Mission and investigation data facilities
under HSD direction include -

data

o Solar Data Analysis Center (SDAC)
support for SOHO and SOHO/EIT,
solar instruments on STEREO, and | s ||
data from TRACE, Hinode, and I
other missions = e -

o STEREO Science Center (SSC) B o ferovser

o Critical  support for SDO’s ==
distributed science archive and  services
distribution system

o Operation of the Wind-Geotail (Polar-Wind-Geotail) ground data system

o Production of higher-level Wind (MFI, SWE electron, WAVES), Voyager (MAG
CRS), and STEREO (SWAVES) instrument products

o C/NOFS-CINDI data production

The "small box" User

Two key HSD projects, the Space Physics Data Facility (SPDF) and SDAC serve as
broad-based and heavily used, multi-mission, active archive and distribution projects for
non-solar and solar imaging data respectively. The following graph shows SPDF service
usage, where an execution is a request to create a customized plot, listing, or output file.

SPDF also maintains the Satellite Situation Center orbit and science planning service, as
well as the Common Data Format (CDF) software, which is increasingly a standard, self-
describing, self-documenting format for non-solar heliophysics data products. SPDF and
SDAC (as noted above) also support multiple mission and investigation data distribution
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requirements as active science archives and serve as the final archives for older mission
data.

HSD is a leading center of community Use of SPDF Services

80000

activity for Virtual Observa- I ONNIWeb & Other
tories, including the leadership USSR QICALY Exuniont
. e SSCWeb Executions
of the newly formed Helio- & 600007 s coAWeD Executions
physics Data and Modeling § il Febtome 4.1
Consortium (HDMC) project = > 40000
for funding and coordination = £
among the Var.ious VxOs‘and 2 20000-
Resident Archives and direct
leadership of the original set of . N 7 .
VxOs selected by NASA: January January January January January January

1999 2001 2003 2005 2007 2009

Virtual Solar Observatory (VSO)

Virtual Heliospheric Observatory (VHO)

Virtual Magnetospheric Observatory at Goddard (VMO/G)

Virtual Ionospheric/Thermospheric/Mesospheric Observatory (VITMO) (as Co-Is)

0 O 0O O

and more special-interest VxOs focused to special requirements in

o Virtual Energetic Particles Observatory (VEPO)
o Virtual Wave Observatory (VWO)
o Heliospheric Event List Manager (HELM)

HSD staff also have active roles in defining the Space Physics Archive Search and
Extract (SPASE) data model intended as a common language to allow queries among the
VxOs. The SPDF project now supports the Virtual Space Physics Observatory interface,
which is a need identified in the Heliophysics Data Policy to comprehensively identify
and make “user findable” a full set of heliophysics data holdings across these disciplines
leveraging both the present inventories of the individual VxOs and other information.

The overall goal is to make better data more readily findable and usable for researchers in
a given discipline across the boundaries of specific missions, instruments, and times. This
will be done by using an optimal mix of existing capabilities with appropriate standards
and new technology to improve data access, and by using tighter coupling to the data-
providing community to ensure data are fully and properly described for correct and
independent future research use. HSD is looking forward to 1) closer coupling of data to
models, 2) the more extensive use of distributed services through which data can piped
for specific processing or other added value, 3) an ongoing effort to define lower-cost
science ground-system design and implementation approaches, and 4) more sophisticated
onboard data capabilities that can lead towards what are sometimes termed “sensorwebs”
among active instruments.
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COMMUNITY COORDINATED MODELING CENTER

The Community Coordinated Modeling Center (CCMC) is a US interagency activity
aiming at research in support of the generation of advanced space weather models. The
CCMC consortium consists of NASA, NSF*, NOAAJ{, the US Air Force (USAF) Weather
Agency, Directorate of Weather, Space and Missiles System Center, the Air Force
Research Laboratory, the Air Force Office of Scientific Research, and the Office of
Naval Research. CCMC'’s central facility is located at GSFC. The CCMC is supported
primarily by NASA and by NSF. At the present time, CCMC staff is 10 FTE strong,
consisting of space and computer scientists and Information Technology professionals.

The first function of the CCMC is to provide a mechanism by which research models can
be validated, tested, and improved for eventual use in space weather forecasting, such as
needed for NASA’s Vision for Space Exploration. Models that have completed their
development and passed metrics-based evaluations and science-based validations are
being handed off to the forecasting centers at NOAA and the US Air Force for space
weather applications. In this function, CCMC acts as an unbiased evaluator that bridges
the gap between space science research and space weather applications.

As a second, equally important function, the CCMC provides to space science researchers
all over the world the use of space science models, even if they are not model owners
themselves. This service to the research community is implemented through the
execution of model “runs-on-request” for specific events of interest to space science
researchers at no
cost to the requestor.
Model output is
made available to the
science customer by
means of tailored
analysis tools and
data dissemination in

Heliospheric
Tomography

Solar/SW
Monitors

AbbyNormal

standard . forn.la.ts. | USU-GAIM
Through this activity SWMF-SC — SWFM-IH

and the concurrent EEINE idifisso N e
development of eliosphere Magntosphere<Jonosphere
advanced visuali-  Overview of models at the CCMC.

zation tools,

CCMC provides to the general science community unprecedented access to a large
number of state-of-the-art research models. The continuously expanding model set
includes models in all scientific domains from the solar corona to Earth’s upper
atmosphere.

" NSF: National Science Foundation
" NOAA: National Aeronautics and Space Administration
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Science Support

CCMC science services are provided through Web access (http://ceme.gsfc.nasa.gov).
Here, users can request calculations from more than 25 modern space science models,
which are hosted at the CCMC through very positive collaborations with their owners.

After a run request, a user will be notified via e-mail once the calculation is complete. At
this time, the run can be analyzed via tailored visualization tools, again via Web access.
These tools have been continuously refined for almost 10 years, primarily in response to
user requests. Recently added capabilities include Poynting flux calculations, model
outputs, field-line tracing along satellite trajectories, and movie generation.

The utilization of CCMC
Run-on-Request services

. R Runs on Request Cumulative Growth as of Nov 2008
continues to grow rapidly. )

2500 ¢

. ) = Global Magnetosphere
CCMC run analysis services = lonosphere/Thermosphere =
. 2000 = Inner Magnetosphere
are also used heavily. In Solar and Heliosphere '

2008, an average month saw ., |~
4.200 wvisitors, 19,200 wvisits,

and 262,000 requests for 1000
pages. Visualization requests

from 870 users led to the 500
creation of 34,500
visualization pages each
month.  These  monthly Year
averages continue to

increase from year to year.

Cumulative RoR growth

Furthermore, the CCMC staff is continuing to develop new means to support users in
their scientific studies. In the realm of visualization, OpenDx-based visualization with
enhanced 3-D capabilities is now available for a number of different model outputs. With
both OpenDx and IDL-based 3-D visualizations, users can request output in Virtual
Reality Modeling Language (VRML) form, which permits real-time in-depth analysis of
complex 3-D structures.

Further science services at the CCMC include the provision of the Model Web, where a
large set of empirical or analytical models, such as the International Reference
Ionosphere (IRI), are available for interested users for download or execution. CCMC is
also supporting space science missions, for example STEREO and THEMIS. Science
mission support includes background science information derived from routine runs, or
calculations in support of specific campaigns or specific science objectives.

As 1n the past, the future of CCMC services will be shaped by the needs of the science
community. Community input is solicited formally and informally, through meetings,
tailored workshops, and personal contacts.
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Space Weather Modeling

The second focus of CCMC is related to the need to bring modern space science
modeling to bear on the needs of space weather forecasting. Forecasting agencies need
models of proven forecasting abilities. Operational models must be robust, have
accuracies that are well understood, and be packaged in a way that makes them easy to
integrate into existing computational environments. The operational models must also be
capable of executing reliably in real time. With these objectives, the CCMC tests models
for accuracy, robustness, performance, and portability. Model accuracy is tested in two
ways, through metric studies and through scientific validation studies. As a result, the
CCMC can characterize the usefulness of these models for the forecasting role to which
they would be applied. By testing how the models behave with a wide range of inputs, the
CCMC can establish regimes in which the models appear robust and can identify regimes
that cause the models to fail. Through exposure to a range of compilers and hardware
platforms, the CCMC improves the portability of these models. Finally, by measuring
computational performance, the CCMC establishes the conditions needed for each model

simulation to complete in real time or better.
> Performing these types of
analyses on models in a

Experimental Real-Time Tools:
http://swan.gsfc.nasa.gov

Models run in real-time with
outputs available through:
Web Browser
+  Live Feeds to Displays
+ Downloadable Widgets

B2

protected academic
environment might produce
less than objective results.
It is imperative that these
models undergo tests in an
environment that stresses

e
. < -

| them in the same fashion as
| will occur at the operational
agencies. Accordingly, the
CCMC  challenges all
| models by utilizing them in
- ! e a quasi-operational setting,
¥ ng == do = | namely the Runs-on-
Request facility, as well as
through a real-time
simulation system. For the
latter purpose, CCMC has established various real-time execution systems, starting with
solar and solar wind modeling of photospheric magnetograms, and magnetospheric
calculations driven by ACE data. The establishment of these systems has led to a wealth
of expertise in the design and maintenance of real-time modeling. In collaboration with
model owners, CCMC has created robust models of scientific and space weather utility.
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Sample plots from SWAN site.

As a byproduct of real-time model execution, the CCMC staff has developed various
model products, or “tools,” which provide space weather-relevant information to
interested parties. Driven by a mandate from NASA/HQ, CCMC has begun to provide
and collect data sources of relevance to the NASA Exploration Initiative, and to NASA
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Space Science Mission Operations. This information is provided to any interested entity
on the Space Weather Awareness at NASA (SWAN) Web site: http://swan.gsfc.nasa.gov.

Owing to the diversity of space weather-relevant information sources, space weather
analysis and forecasting will, in the future, increasingly rely on access to distributed
information providers. The SWAN site 1s a first step in this direction of information
collection. While it, along with further development activities supported by NASA’s
Office of Chief Engineer, addresses NASA’s needs primarily, this information can also
support governmental as well as commercial space weather interests. CCMC, therefore,
has ongoing collaborations with USAF, NOAA, international space weather interests, and
commercial enterprises in the US. An example of the latter is the Electrical Power
Research Institute (EPRI), which, in a jointly funded activity, collaborates in the
evaluation of space weather modeling products for power grid uses.

More information about the CCMC may be found at the CCMC Web site
http://cecme.gsfc.nasa.gov.
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TECHNOLOGY DEVELOPMENT

Goddard Space Flight Center and NASA in general support new technology in the
Heliophysics division through three programs. The main source of support is the GSFC
Internal Research and Development (IRAD) program, which funds the development of
new technology to support proposals to be submitted to future announcements of
opportunity. The Technical Equipment program provides funding for purchases of
advanced technology equipment and replacement of outdated equipment needed to
support the development of new instrumentation. The Small Business Innovative
Research (SBIR) program provides funding to develop new flight hardware and software
concepts in the commercial sector in support of future flight opportunities.

The IRAD program of GSFC runs on an annual basis for each fiscal year. An
announcement of opportunity is released in early June describing the requirements of the
opportunity for the subsequent fiscal year. Step-1 proposals are submitted in late June. A
proposal review panel lead by Dr. John Sigwarth, the Chief Science Technologist for the
Heliophysics Science Division, meets in July to rank the proposals and recommend to the
Center-wide integration panel those proposals that should progress to the second phase.
Step-2 proposals are submitted in late July. The review panel meets again in early August
to rank the Step-2 proposals and recommend funding to the Center-wide integration
panel. Funding approval by the Center-wide integration panel is contingent on the
available resources and the relative ranking of the Heliophysics Science Division
proposals with respect to other focus areas within GSFC. In FYO08, a total of 17 Step-1
proposals were submitted, resulting in 7 projects funded by the GSFC IRAD program. An
additional project was added halfway through the year. For these winning projects, the
FY08 IRAD funded a total of 11.7 FTEs and an additional $606.5 K for procurements in
support of the selected IRAD proposals. In FY09, a total of 15 Step-1 proposals were
submitted resulting in 7 projects funded by the GSFC IRAD program. For these winning
projects, the FY09 IRAD program funded a total of 11.8 FTEs and an additional $434.5K
for procurements in support of the selected IRAD proposals.

The new technologies supported by the GSFC IRAD program cover a broad range of
heliophysics topics. These technologies include new neutral-to-ion conversion surfaces in
a venetian blind configuration for miniaturization of neutral-atom imagers; plasma
impedance spectrum analyzers with state-of-the-art electronics to process the
observations onboard and determine the ionospheric plasma density and temperature at
high cadence; a Far Ultraviolet (FUV) Fabry Perot interferometer, extremely high line
density reflective grating, and electron-multiplying Charged Coupled Devices (CCDs) for
measuring the Doppler-broadened line width of thermospheric emissions; the
demonstration of the next-generation coronagraph that will extract additional information
about electron temperatures and flow speeds from observations of the visible light
spectrum; design of a new low-mass, low-power ionospheric sounder; and development
of a data compression application-specific integrated circuit (ASIC), fast-stepping high
voltage power supplies, and particle detector optics.

%]
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Three of the instruments selected for FY08 IRAD funding have involved students of the
US Naval Academy. Because of this cooperation, the Thermospheric Temperature
Imager (TTI), the Plasma Impedance Spectrum Analyzer (PISA), and the Miniature
Imager for Neutral Tonospheric atoms and Magnetospheric Electrons (MINI-ME) have
been briefed to the Department of the Navy and the Department of Defense (DoD) Space
Experiment Review Boards (SERB) and selected to be included on the respective SERB
lists. As a direct consequence of this inclusion on the SERB list, TTI, PISA, and MINI-
ME will fly on a Space Test Program spacecraft in December 2009.

The GSFC Technical Equipment program is run on an annual fiscal year basis to
purchase new capital equipment or replace obsolete equipment. Each year suggestions for
equipment purchases are solicited from HSD members. These requests are ranked by the
HSD management and brought forward to the Science and Exploration Directorate. In
FYO08, approximately $200K was allocated for technical equipment purchases within
HSD. In FYO08, the technical equipment fund within the HSD was oversubscribed by
300%.

The SBIR program within NASA provides an opportunity for small, high technology
companies to participate in Government-sponsored research and development (R&D)
efforts in key technology areas. New technology needs for HSD are identified by
members within the division and vetted by GSFC- and NASA-wide integration panels.
Solicitations based on the identified key technology areas are released annually. Selected
SBIR companies work with the oversight of the Contracting Officer’s Technical
Representative to achieve the desired technology goals. For FY08, two SBIR proposals
were selected in the area of heliophysics.
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APPENDIX 1: INDIVIDUAL SCIENTIFIC RESEARCH

The following section contains some short summaries of the research work of the
scientists working in HSD. The organization is divided up into four groups, or
laboratories, with the civil servant complement shown in the detailed organization chart
shown below.

I

Heliophysics Science Division

Director — Dr. James Slavin
Deputy Director — Dr. Thomas Moore
Associate Director for Science Information Systems - Dr. Robert McGuire
A iate Director for Sci = Dr. Holly Gilbert
Assistant Director — Mr. Michael Horn
Senior Scientists — Dr. Joseph Davila, Dr. O. C. St. Cyr, Dr. John Sigwarth

Administration
and Resources Management Office

] Business Management Officer — Ms. Teresa Maulino
Code 603

-

Solar Physics Heliospheric Physics Geospace Physics ! Space Weather
Laboratory Laboratory Laboratory Laboratory

Chief - Dr. Douglas Rabin Chief — Dr. Adam Szabo Chief - Dr. Melvyn Goldstein Chief - Dr. Michael Hesse

Dr. Brian Dennis Mr. Robert Candey Dr. Mark Adrian Dr. Spiro Antiochos

Or. Thomas Duvall Dr. Erie Christian Dr. Robert Benson Dr. Richard Goldberg

Dr. Josaph Gurman B ws vari Collado-Vega Dr. Leonard Burlaga Mr. Michaal Kaiser

Dr. Gordon Holman W Or. Jdohn Cooper Dr. Michael Collier Dr. Judith Karper

Dr. James Klimchuk Dr. Nand Lal Dr. Adolfo Figueroa-Vinas Dr. Maria Kuznetsova

Dr. Yoji Kendo Dr. Aaron Roberts Dr. Mei-Ching Fok Dr. Guan Le

Or. Therese Kucera Code 672 Dr, Shing Fung Dr. Peter Macieice

Dr. Dean Pesnell Dr. George Khazamov Dr. Robert FPlaff

Dr. Roger Thomas Dr. Keith Ogilvie Dr. Douglas Rowland

Dr, Barbara Thompson Dy, Edward Sifiler Dr, David Sibeck

Dr. Charles Wolff Code 673 Code 674
Code 671
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Mark A. Adrian

heliosphere. He continues ERXH
analysis of data from the
Sounding of the Cleft Ton
Fountain Energization Region (SCIFER)
sounding rocket, probing the physics of high-
latitude particle acceleration. In particular, Dr.
Adrian continues analysis of data obtained
using the Thermal Electron Capped
Hemisphere Spectrometer (TECHS) flown on
SCIFER in order to quantify the role of the
thermal electron distribution in the formation

IMAGE EUV

A thermospheric-ionospheric-magnetospheric physicist who joined
Code 673 in November 2004, Dr. Adrian i1s the Deputy Project
Scientist for the MMS satellite constellation mission and is the
Instrument Scientist for the Dual Electron Spectrometer (DES)
component of the MMS Fast Plasma Instrument (FPI). Dr. Adrian's
' research interests are focused primarily on the energization and
acceleration of thermal to low-energy electrons throughout the
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of ion conics and outflows in the cusp. He is ISy yZpey o

conducting plasmaspheric dynamics research
using the Imager for Magnetopause-to-Aurora  displays a

An EUV’s image of Earth’s plasmasphere

shoulder in the pre-noon

Global Exploration (IMAGE) EUV and RPI plasmapause and plasmaspheric drainage

to quantify the development and evolution of
embedded plasmaspheric density channels,

plume in the dusk sector.

plasmaspheric notches, and the entire plasmapause. He is developing plasma diagnostic
hardware through analysis of the TECHS design concept, as well as developing plasma
diagnostics for the, solar wind composition, neutral atmospheres and the plasmas
associated with the development of sprites above convective thunderstorms.

Spiro Antiochos

Dr. Antiochos has recently been
working on extending the breakout
model for CME initiation to fully 3-D
topologies, development of a model for
coronal jets, derivation of theorems on
the topology, and extension of the
thermal non-equilibrium model for
prominence formation to non-steady
heating. He has given invited
presentations at the Fall 2007 AGU,
Space Policy Institute Workshop, 2nd Heliospheric
Network Workshop, Spring ‘08 SPD, and the Hinode-2
Science Meeting. He supervises the Ph.D. thesis research of
a graduate student from the University of Michigan (where

36

07500 s

3-D  breakout simulation from
Lynch et al., 2008



GSFC Heliophysics Science Division 2008 Science Highlights

Dr. Antiochos is an adjunct professor) and presented two lectures at the 2008 Summer
School in Solar Physics. He was elected a fellow of the American Physical Society.

Robert Benson

Dr. Benson continued his research in plasma-wave emissions, wave-
particle interactions and wave propagation in the ionosphere and
magnetosphere. Three publications (one in print, two submitted) and
three presentations resulted from this work in the last year. These
were based on his former role as a participating scientist on the Radio
Plasma Imager (RPI) on the IMAGE satellite (IMAGE i1s no longer
active), his role as PI on a Heliophysics Living With a Star Targeted
Research and Technology (LWS TR&T) award concerning the
mvestigation of large mid-latitude topside-ionospheric/plasmaspheric gradients, and his
role as PI on a project to preserve and transform a representative portion of the
International Satellites for Ionospheric Studies (ISIS) topside-sounder data from an
analog to a digital format. The RPI work reviewed some fundamental space plasma
physics accomplishments that were based on
space-borne radio sounding. The LWS research
revealed the altitude structure of mid-latitude
ionospheric features associated with magnetic-
field lines through the plasmapause boundary. The
ISIS data restoration effort has brought the
number of digital ionospheric topside ionograms
from the time period between 1965 and 1985 to
more than % million; essentially creating a new =i
satellite mission with old data. The distribution of I m ﬁl

these data records from the Alouette-2, ISIS-1, E I Iﬁﬂ.
and ISIS-2 satellites over an interval of nearly two

solar cycles (data available from the National Space Science Data Center [NSSDC]), and
is illustrated in the lower panel of the figure; the upper panel shows the distribution of
topside electron density profiles (also available from the NSSDC), many based on the
new digital ionograms (those labeled TOPIST*).
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Anand Bhatia

Dr. Bhatia gave the “Professor S.C. Sircar Memorial Lecture” at the
Indian Institute for Cultivation for Science in Kolkta (Calcutta), India
on 2008 April 11. The title of the talk was “Polarizabilities, Rydberg
states, and scattering of electrons from hydrogenic systems.” He was
awarded an engraved silver plate to commemorate the occasion. In
addition, he gave a talk on “Hybrid theory for the scattering of
electrons from hydrogenic systems,” in Tallahassee, Florida on 2008
June 14.

" TOPIST: Topside Ionospheric Scaler with True height (algorithm)
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Dieter Bilitza

A research professor at George Mason University (GMU) working in
Goddard’s  Heliospheric
: ISIS-2 Topside Sounder Data

Pi::ly‘51cs . Laboratory, Dr. 1500 T 1T IIfi|opslI e‘ Ioflllllr!ll|er Ia f T TTTTT
Bilitza is an expert in I B ]
ionospheric physics. He is '
the principal author of the
International ~ Reference
Tonosphere (IRI), a model
widely used in the science
and engineering F

& 5 | Date: 71108
community, which recently also became an LT: 5.70000

[ Lat: 25.2400 X

International Standards Organization (ISO) | Pt
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¥ . . 0
Technical Standard. IRI 1s used i a number 102 0 Nelems 10°

Of NASA technical dOCLllnentS to deﬁ]:le t_he The ﬁgure compares measurements and IRI
ionospheric environment and is the model model predictions for the topside electron
recommended by the European Cooperation  densify. Significant discrepancies are seen

ot : above 800 km altitude with the IRI-2001 model
for Space Standardization (ECSS). In his most (solid line) overestimating the data (+)

recent efforts, he has used a large database of ;. 0 with the ISIS-2 fopsids samader
satellite 7n situ measurements, the majority  sarellite. 4 correction term introduced in IRI-
from NASA satellites, to study the solar 2007 (dotted line) produces much better
activity ~ variations of  densities and  dgreement.

temperatures in the topside ionosphere with

the goal of improving the representation of these variations in IRI. Professor Bilitza was

awarded a NASA Space Science Achievement Award in 2007.
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Dr. Boardsen, of the University of = [
Maryland, Baltimore County
(UMBC), analyzed MESSENGER’
magnetometer data from Mercury
flybys 1 and 2, specifically studying
narrow band ultra-low frequency
(ULF) waves that were detected
above helium + cyclotron frequency
inside Mercury's magnetosphere. He |
worked with Dr. Nick Omidi at

Frequency (Hz)
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BH

. . . g0

Solana Science, Inc., on hybrid simulations of Mercury S
that includes sodium+ created by photo-ionization in the wmnsec wcio Teme oo Toita
X (MSO) 1.0 -0.78 -0.47 D15

sodium exosphere. zwso) 007 oo o1 o 418

R(R,) 1.11 1.10 1.28 1.59 1.98

Dynamic Spectra of ULF waves and their harmonics, observed outbound from closest approach, detected
during the first MESSENGER Mercury flyby. The white lines indicate the He+, He++, and proton cyclotron
frequencies.

" MESSENGER: Mercury Surface, Space Environment, Geochemistry and Ranging
(NASA’s mission to Mercury)
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Ben Breech

Dr. Breech recently joined Goddard in September 2008 as an NPP
fellow after completing Ph.D.
degrees in Computer Science
and Physics at the University
of Delaware. His research
focuses on modeling
turbulence transport within
the heliosphere. He is _
currently working on =]
modeling effects of electron heat conduction on §
turbulence and extending phenomenological ]
turbulent transport models to the solar corona.
He has presented results from his work at AGU
meetings.
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Distribution of turbulent energy in the
heliosphere.

Kenneth Bromund

Mr. Bromund is a software engineer with SP Systems, Inc. He has
. been working at GSFC with Dr. Rob Pfaff on in sifu measurements of
Electric and Magnetic Fields using the Vector Electric Fields
Instrument (VEFI) on the Communications/Navigation Outage
Forecast System (C/NOFS) satellite. He investigated the effects of the
spacecraft environment on the VEFI measurements, and developed
algorithms to identify data that has been corrupted. He developed and
delivered to the Air Force Research Laboratory (AFRL) software that
will be used to produce near-real time electric and magnetic field
solutions from the VEFI data. AFRL will incorporate the software Mr.
Bromund developed into a system designed to now-cast and forecast scintillations in the
equatorial ionosphere.

Jeff W. Brosius
Drs. Brosius and Holman investigated the thermal and dynamic
evolution of a compact solar microflare over a wide temperature range
at rapid cadence. The microflare's properties and behavior are those of
a miniature flare undergoing gentle chromospheric evaporation, likely
produced by reconnection-driven nonthermal electrons. Drs. Brosius,
Rabin, Thomas, and Landi derived a coronal bright point's DEM from
a well-calibrated EUV spectrum obtained with EUNIS-06.
. Photospheric (not coronal) element abundances were required to
... achieve equality and consistency in the transition region DEM derived
from lines with a low first ionization potential (FIP) and lines with a
high FIP. Drs. Brosius, Rabin, and Thomas investigated a transient brightening in the
quiet Sun observed at rapid cadence (2.1 s) with EUNIS-06. The transient's measured
properties are consistent with its identification as a blinker or an elementary blinker, and
its observed behavior suggests a formation mechanism involving gentle chromospheric
evaporation. Jess et al. (2008) investigated transition region velocity oscillations that
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correspond to MHD fast-body global sausage modes in an active region loop arcade
observed with EUNIS-06. Keenan et al. (2008) compared theoretical atomic physics
calculations for Fe X with sounding rocket EUV spectra.

The EUNIS sounding rocket team received the Robert H. Goddard Exceptional
Achievement Award for Science.

Matthew Burger
Dr. Burger i1s an associate research scientist with the Goddard Earth
Sciences and Technology (GEST) Center at the University of
Maryland, Baltimore County. He is working with the Cassini Plasma
Spectrometer team at GSFC to measure the plasma in Saturn’s inner
magnetosphere and to understand the interactions between Saturn’s
magnetosphere and icy satellites. In particular he has worked to
understand the interaction between plasma in the magnetosphere and
the water plume at
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. . .. " o w
observations showing a surprising lack 8 o ) o I .10 §
of sodium in the plume places strong £ 8 g
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constraints on the source mechanism = -2 g ool g
for the plume. _
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Model of an Enceladus sodium plume assuming a sodium escape rate of 0.4 g/s, corresponding to a Na/H,O
mixing ratio of 2x10°. The green line represents the slit across Enceladus. Sum of all sky-subtracted spectral
images for Enceladus observations with (bottom) and without (top) simulated sodium plume emission. The
simulated signal does not include photon noise. Spectrum of the spatial region indicated by the arrow in (b).
The black curve is the data alone,; the red curve adds 40 R of simulated emission derived from the model in
(a). This simulated emission would be readily detectable. The actual upper limit from these data is 8 R,
yielding an Na/H,0<4x107.
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Leonard Burlaga

1 Dr. Burlaga is an astrophysicist specializing in the structure and
dynamics of the heliosphere and its interaction with the interstellar
medium. He is a Co-I on the magnetic field and plasma instruments on
Voyager 1 and 2, the SECCHI instrument on STEREO, the magnetic
field instrument on ACE, and the plasma instrument on Wind. In
addition, he is on a theoretical team studying the dynamics of the
distant heliosphere. Perhaps the principal result this year is the
discovery of the termination shock by Voyager 2. In a paper published
in Nature this year, Dr. Burlaga and his co-authors demonstrate that
the termination shock is a dynamic feature, reforming on a scale of a few hours, with the
basic features of a quasi-perpendicular shock modified by pickup protons. Dr. Burlaga
also presented an invited paper at the ASTRONUM Conference summarizing his work
demonstrating the fundamental importance of Nonextensive Statistical Mechanics in the
dynamics of the heliosphere. The National Academy of Sciences awarded Dr. Burlaga the
Arctowski Medal "for pioneering studies of the magnetized solar wind plasma from 0.3
to 102 AU, including the recent crossings of the Voyagers of the heliospheric termination
shock and their entry in the heliosheath."
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Profiles of the magnetic field strength and solar
wind speed showing the structure of the
termination shock.
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Natalia Buzulukova
Dr. Buzulukova joined Code 670 in May 2007 as an NPP fellow. She
1s doing research on inner magnetosphere modeling and data analysis.
Her scientific advisers are Dr. T.E. Moore and Dr. M.-C. Fok. During
2007-2008, she has had extensive experience in running ring
current/plasmasphere model (CRCM model, code developer M.-C.
Fok). Using modeled results and EUV IMAGE data of the
plasmasphere, she did a detailed analysis of plasmaspheric
undulations was done (17 April 2002 event). She also has modified
the original CRCM code
to couple with the MHD
code (BATSRUS model). This project is
conducted under the partnership with the
CCMC at Goddard. She is also involved in
the TWINS project activity. During the
COSPAR 37th Assembly in Montreal,
Canada, July 2008, she was the Deputy
Organizer of the section titled “Tonosphere-
magnetosphere coupling: the role of Alfvén
waves in auroral processes.”

Varying B Constant B

2)t=t0 3)t=t0
(1)t=t0 (Jo min uﬂ min

10 le-2
BC PD RC

Formation of plasmaspheric undulations. Columns 1-3 correspond to three times during the substorms on
17 April 2002. The rows show simulated Region 2 Birkleland current (BC) mapped to the equator (top
panels), plasmasphere density (PD) (middle panels) and ring current (RC) pressure for 16-27 keV H+
(bottom panels). Column 4 is the simulation result with constant magnetic field configuration. The dashed
cycles are geosynchronous orbits. Potential contours without and with corotation are overlaid in the top
and middle panels, respectively.

Mike Calabrese
Mike provides integration, coordination, scheduling, analysis, and
assessment in support of the Heliophysics advanced mission studies
and technology assessments for HSD. He attended an all-day HSD
Meeting on Future Heliophysics Science Flight Opportunities 2008
April 7, and provided assessment and recommendations to HSD. He
provided a same-day response to a NASA HQ request for electronic
versions of 12 Heliophysics Roadmap Mission Studies conducted in
2005 at GSFC and the Jet Propulsion Laboratory (JPL). He attended
| the NASA Heliophysics Town Hall Meeting in College Park, Maryland
on 2008 May 19-20, to provide background for Heliophysics
Advanced Mission Planning. Approximately 100 community attendees provided input,
which included over 30 Roadmap Mission posters for the 2009 Heliophysics Strategic
Planning Roadmap Team, which placed emphasis on a sustainable and flexible plan to be
delivered 2008 November 1. He participated in breakout sessions to identify science
objectives and technology needs, and he attended the National Academy of Sciences
Colloquium on “Forging the Future of Space Science for the Next 50 Years” on 2008
June 26 to provide context on advanced Space Science Missions identification.
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Robert Candey

Robert Candey is the Chief Architect for the Space Physics Data
Facility, manages the science ground system for the Wind and Geotail
(and previously Polar) spacecraft, and leads the new Heliophysics
Event List Manager (HELM) VxO project and the existing xSonify
sonification and Common Data Format (CDF) projects. He supports
the VxOs, particularly VITMO and VWO. He led the very successful
Dynamics Explorer data restoration effort with Dieter Bilitza and
Howard Leckner. He gave presentations at the Fall AGU meeting,
mentored Wanda Diaz, participated with the MMS E/PO team,
supported the Combined Federal Campaign (CFC) as the Code 672
keyworker, and was on the 670 Peer Award committee. He helped to host a visit with Tku
Shinohara and Ken Murata from Japan's Institute for Space and Aeronautical Science
(ISAS) and Takaaki Matsuzawa from the Washington office of the Japan Aerospace
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Exploration Agency (JAXA).
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Peter Chen

P.C. Chen, in collaboration with D. Rabin (Code 671), continued
work to develop lightweight mirrors made of polymer composite
materials and to study their long term stability. A process has been
developed to enable the fabrication of telescope-quality mirrors using
specially formulated epoxy resins, carbon fibers, and carbon
nanotubes. A number of mirrors with diameters of 0.1-0.2 m have
been fabricated having excellent optical figures as measured using a
é - = medium resolution (100 lines/inch) Ronchi grating. An interferometer

. "= is being constructed. Parts are being fabricated to make composite
mirror telescopes for field testing. Chen, in collaboration with D. Rabin, and M.Van
Steenberg (Code 604), developed a method to make potentially very large telescopes on
the Moon using a combination of lunar dust stimulant JSC-1A, carbon nanotubes, and
epoxy resins. A 0.3 m mirror was successfully fabricated. The unit was exhibited at the
AAS meeting in St. Louis, Missouri, and was the subject of a NASA press release, as
well as an article in science.nasa.gov.

Sheng-Ilsien (Sean) Chen

Dr. Chen is a research scientist with the Universities Space Research
Association (USRA) working in Geospace Physics Laboratory. Dr.
Chen is analyzing Polar, Cluster, and THEMIS plasma and magnetic
field data to study the interaction of solar wind, magnetospheric, and

ionospheric plasmas . )
Polar Region lonspheric Qutflows
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Eric Christian

Eric Christian arrived at Goddard Space Flight Center in November
after a six-year stint as a Program Scientist at NASA Headquarters.
He will be studying energetic particles coming from the Sun, the
heliosphere, and the galaxy with a wide range of missions. He is the
Deputy Project Scientist for the Solar-Terrestrial Relations
Observatory (STEREO) and the Advanced Composition Explorer
(ACE), and the Deputy Mission Scientist for IBEX. He is a member
of the science team for the STEREO/IMPACT , ACE/CRIS', and
ACE/SIS* instruments and will be involved with data analysis from
them with a primary goal of understanding the acceleration of solar energetic particles.
He will also be working with the Voyager/CRS® and IBEX teams towards the scientific
goal of understanding the origin of anomalous cosmic rays and the structure of the
interaction of the heliosphere with the local interstellar medium.

Eric is a Co-I on the Trans-Iron Galactic Element Recorder (super-TIGER)—a newly
selected balloon-borne instrument that will study ultra-heavy galactic cosmic rays, with a
first Antarctic flight in 2012. He will help design, develop, and integrate the detectors and
hardware that are Goddard’s contribution to TIGER.

Eric has been active in
NASA’s Education and Public
Outreach (E/PO) program for
his entire career and will
continue this in his new
position. He is a Co-I on a
recently selected Education
and Public Outreach for Earth
and Space Science (EPOESS)
grant that will develop a
particle and plasma multi- 3

media library for the Web, and 9000 20000 30000

will be a participant on the All Double and Triple Coincidence Counts

upcoming Sun—Earth Day

Web cast, as well as other First light” from the IBEX mission, showing the observed

) intensities of Energetic Neutral Atoms (ENAs) of around 1 keV in
E/PO projects. one slice of the sky. Backgrounds have not be subtracted and the
high intensity region on the right is predominantly due to ENAs
from Earth’s Magnetosphere.

" IMPACT: In sifu Measurements of Particles and CME Transients
" CRIS: Cosmic Ray Isotope Spectrometer

' SIS: Solar Isotope Spectrometer

¥ CRS: Cosmic Ray Subsystem
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Michael R. Collier

Dr. Collier has contributed to fabricating, calibrating, commanding,
and analyzing data from the Low Energy Neutral Atom (LENA)
imager on the IMAGE spacecraft. He studies primarily low energy
neutral atoms in Earth's vicinity and participates heavily in the
development of high time resolution particle instrumentation. He has
analyzed Voyager 1 and 2 energetic particle data both in the
interplanetary medium and in the magnetospheres of the outer
planets. In addition, he studied Voyager 1 and 2 magnetometer data
in, and in the proximity of, Jupiter's magnetosphere. He was also
involved with hardware projects, performing numerical simulations
to determine the design characteristics and dimensions of a solar wind composition
instrument later launched on the Wind spacecraft, and testing instrument prototypes. He
analyzed data from the three Wind sensors, particularly the MASS instrument, to
determine abundance ratios, temperatures, and distribution functions of minor ion species
in the solar wind. He has analyzed IMP 8, Wind, and Geotail magnetometer and particle
data to study the effects of pressure discontinuities on the terrestrial magnetotail, to
characterize interplanetary magnetic field correlations and absolute agreement, and to
examine the properties of magnetic clouds, particularly shocks internal to magnetic
clouds. He serves as Deputy Project Scientist for the Wind Spacecraft and as Instrument
Scientist for IMAGE/LENA.
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John Cooper

Dr. Cooper is the Chief Scientist for the Space Physics Data Facility
(SPDF) within the Heliospheric Physics Laboratory. He advises SPDF
on heliophysics science requirements for ongoing and future
development of SPDF data systems, represents SPDF at science team
meetings for various operational missions, notably IBEX now
launched and operational in 2008, and works with SPDF staff on
connecting SPDF to the emerging heliophysics data environment of
NASA-supported virtual observatories. Dr. Cooper is the PI for the
Virtual Energetic Particle Observatory (VEPO) serving the
heliophysics data user community as a focus group component
operating within the domain of the Virtual Heliospheric Observatory (VHO) for
improved access and usability of energetic particle data products. He has pursued
personal research interests on space radiation environment interactions with icy moons
and Kuiper Belt Objects. He is also a member of the Cassini Plasma Spectrometer team at
Goddard. Related to the Outer Planets Research (OPR), Dr. Cooper collaborated on the
successful proposal of the University of Hawaii at Manoa to the W.M. Keck Foundation
for the W.M. Keck Research Center in Astrochemistry. He is also a U.S. collaborator on
the European Space Agency (ESA) Cosmic Visions proposals for the Laplace mission to
Jupiter and the Tandem mission to Saturn, also contributing to the final report for the
NASA flagship mission study on the Jupiter System Observer. He also participated in the
International Heliophysical Year (IHY) and International Polar Year (IPY) 2007-2009
activities as a member of the ICESTAR/IHY team and was chairperson and lead
organizer for the Polar Gateways Arctic Circle Sunrise 2008 science-education
conference at Barrow, Alaska on 2008 January 23-29. Polar Gateways was notable as a
“ereen” conference with
more than half of the
science contributors
participating remotely via
video or phone conference
from other sites in
Sweden, Norway, Russia, | -~
and from universities and = T
NASA Centers in the -

United States. : e

=

Web site banner, Polar Gateways Arctic Circle Sunrise 2008
Conference, Barrow, Alaska, 2008. New conference center (right), sea
ice, sunrise, aurora, snow fox and owl, and whalebone objects are from
photography at the conference. The old building (left) image is from the
original IPY expedition to Barrow in 1881. (From the conference Web
site at polargateways2008.gsfc.nasa.gov.)

: Interhemispheric Conjugacy Effects in Solar Terrestrial and Aeronomy Research
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Joseph Michael Davila

Dr. Davila is currently a senior scientist in the Heliophysics Division
i at Goddard Space Flight Center in Greenbelt, Maryland. His research
interests include the linear and non-linear theory of hydromagnetic

e

waves;, hydromagnetic instabilities due to energetic particle beams,
resonance absorption in inhomogeneous plasmas, the acceleration of

- high speed wind streams in solar and stellar coronal holes, and plasma
J heating in closed magnetic structures. He has also published research

g on the acceleration of cosmic rays, the transport of energetic, particles
= within the galaxy, the modulation of galactic cosmic rays by the solar

wind and the propagation of solar cosmic rays in the interplanetary medium.

Dr. Davila was the PI for the Solar Extreme-ultraviolet Research Telescope and
Spectrograph (SERTS) from 1992 to 2002. He was Study Scientist for the STEREO
Science Definition Team, and the Project Scientist for STEREO until 2004. Dr. Davila is
the lead scientist for COR1 on the STEREO mission, and was responsible for building
the instrument. He currently leads the COR1 data analysis team. He is a Co-Investigator
and participated in the development of the Hinode Extreme-ultraviolet Imaging
Spectrometer (EIS). He is currently engaged in data analysis from EIS.

Dr. Davila has led several eclipse observing
expeditions to South Africa, Libya, and
China to test a new instrument for
measuring the temperature and flow speed
of the solar wind in the low corona .

Dr. Davila is also the initiator and chief
organizer of the International Heliophysical
Year program. Through this program a
number of international distributed instru-
ment observatories have been developed in
coordination with international funding
agencies, scientists, and the United Nations.
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Brian Dennis

Dr. Dennis is a solar astrophysicist, the RHESSI Mission Scientist,

and either a Co-I or PI on three other projects:

= VxO for Heliophysics Data—FExtending the Virtual Solar
Observatory to Incorporate Data Analysis Capabilities

= TLow-Cost Access to Space—Imaging X-ray Polarimeter for Solar
Flares

= Facilitating the Joint Analysis of GLAST Solar Flare
Observations

In addition, Dr. Dennis has been working on the analysis of RHESSI

observations with the specific goals of optimizing the X-ray imaging and spectroscopy

capabilities.
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Thomas L. Duvall, Jr.

Preliminary work

Dr. Duvall, a solar physicist, has done research at GSFC for many
years. His research is on understanding the solar interior using the
techniques of helioseismology. During FYO0S8, his research focused
on near-surface phenomena, namely supergranulation, sunspots, and
flows. All of this work uses the technique he pioneered—time-
distance helioseismology—in which travel times for waves between
surface locations are used to infer properties of the subsurface. New
determinations of the lifetime (1.6 days) and size (27.1 Mm) of
supergranules were made using a segmentation procedure on
divergence maps derived from time-distance measurements.
was done comparing magnetohydrodynamic (MHD) models of

sunspots with observations of the travel times of f-mode waves. Reasonable agreement
was obtained between a sunspot model with 3 kG magnetic field and f~-mode travel times.
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Timothy E. Eastman

Timothy Eastman, a space plasma physicist with Wyle Information
Systems, LL.C, joined the SPDF in 2002. Known for discoveries of
the low-latitude boundary layer (LLLBL) and gyro-phase-bunched
plasmas, his research interests have included space plasmas,
magnetospheric physics, plasma applications, data systems, and
philosophy. He developed key foundations at NASA Headquarters
and the National Science Foundation for major international and
interagency projects including the International Solar Terrestrial

N J Physics program, the interagency Space Weather Program, and the
Basic Plasma Science and Engineering program. During 2008, his primary work was with
the Science Proposal Support Office (SPSO, Code 605) to convene and implement 60
Red Team reviews for scientists in all Goddard Earth and space science areas, including
space physics. These reviews have helped many proposers to increase their probability of
success. In addition to managing the Space and Earth Science Data Analysis (SESDA)-IT
science support for SPDF, Dr. Eastman and his colleagues were successful this past year
in obtaining grant support for International Sun—Earth Explorer (ISEE) Satellite Data
Upgrades.

Justin Edmondson

Justin is a student from the University of Michigan doing doctoral
work in theoretical solar astrophysics under Dr. Spiro K. Antiochos.
His research includes theoretical work on the geometric and
topological evolution of dynamic, three-dimensional structures in the
global solar coronal magnetic field, the theory of three-dimensional
magnetic reconnection, magnetized plasma instabilities, and the
consequences thereof in the heliosphere.

Several wavelengths of an interchange instability
forming across a thin current sheet. The
interchange mode occurs perpendicular to the
plane containing the magnetic field lines. This
instability offers a self-consistent mechanism that
dynamically pinches anti-parallel field lines
together across a thin current sheet, therefore
initiating local regions of reconnection and
driving up the reconnection rate of the system.
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Don Fairfield
e A magnetospheric physicist and Geotail Project Scientist, Dr.
‘ Fairfield retired and assumed emeritus status last June after 42 years
at Goddard. He has been extending work done in 1985, which showed
that nearly uniform precipitation of electrons over Earth’s polar caps
(polar rain) is caused by the direct entry of field-aligned solar wind
“strahl” electrons along open magnetotail field lines. Recent work
comparing interplanetary measurements with polar cap precipitation
shows that small gradients in polar rain are due to field aligned
potentials that are larger on field lines that connect to the
interplanetary magnetic field further back in the tail. Dr. Fairfield helped man the
Heliospheric Physics tent at the 2007 Folklife Festival on the DC Mall last July. This
work was presented at the Fall 2007 AGU meeting and an extended version will be
presented as an invited paper at the Fall 2008 meeting.

Magnetosheath lon Flow

Solar wind electrons (open arrows) follow field lines down to the polar
cap, but polar wind protons with greater tail-ward momentum (red
arrows) cannot follow the electrons. To avoid a charge imbalance, a
field-aligned electric field (blue arrow) is created that reduces the
energy of incoming electrons, especially on field lines that go farther
down the tail.
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Artem Feofilov

Dr. Feofilov is an atmospheric physicist working at The Catholic
University of America (CUA) at GSFC, Code 674. He has been doing
research aimed at better understanding the fundamental processes
governing the energetics, chemistry, dynamics, and transport of the
mesosphere/lower thermosphere. His main efforts have been focused
on 1improving water vapor retrieval from SABER /TIMED
measurements. Working with Drs. Kutepov, Goldberg, and Pesnell at
GSFC he coupled a non-Low Thermodynamic Equilibrium (LTE)
H>0 model with an extended model of O,,0; photolysis products and
used it as a reference for the SABER H,O operational retrieval. The model was validated
using the comparisons with ACE-Fourier Transtform Spectrometer (FTS) occultation
measurements. The first HyO retrievals from SABER—6.3 um radiance in the
mesosphere demonstrate both qualitative and quantitative agreement with other
experiments and simulations. The approach suggested by Dr. Feofilov has been accepted
for the operational H,O retrieval in the next release of SABER data.
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H,0 meridional distribution for 2004, day 197, retrieved from
SABER/TIMED measurements

" SABER: Sounding of the Atmosphere using Broad band Emission Radiometry
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Mei-Ching Fok

An astrophysicist in the Geospace Physics Laboratory. Dr. Fok has
been working on modeling the inner magnetosphere, ionosphere and
coupling between plasma populations. She has developed two
kinetic models: the Radiation Belt Environment (RBE) model and
the Comprehensive Ring Current Model (CRCM). In the past year,
she have included wave-particle interactions in the RBE model. She
improved the stability and reliability of the plasmasphere model,
which 1s embedded in both the RBE and CRCM models. Efforts
| have been devoted to couple Dr. Fok’s inner magnetosphere models
with global magnetospheric models. Dr. Fok and researchers at the
University of Michigan integrated the RBE model into Michigan’s Space Weather
Modeling Framework. Furthermore, through collaboration with scientists at the
University of New Hampshire, the CRCM has been coupled to the OpenGGCM MHD
model. All these activities have yielded fruitful results and publications in journals.

Sampex: RBE RBE
electrons: 2-6 MeV - without waves with waves
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The L-time diagram of SAMPEX 2—6 MeV electron flux (left) during the magnetic storm on 2002
October 23—-27 and RBE simulation without (middle) and with (right) inclusion of wave-particle
interactions. It is obvious in this case that wave-particle interactions are necessary to produce flux
enhancement during this storm.

: OpenGGCM: Open Geospace General Circulation Model
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Shing F. Fung

Dr. Fung, a space scientist in Code 673, continued his research relating
to global magnetospheric configurations. In a paper titled
“Specification of multiple geomagnetic responses to variable solar
wind and IMF input,” published in March 2008, Fung and Shao (of the
University of Maryland, College Park) demonstrated that
magnetospheric states can be prescribed by corresponding time-shifted
solar wind, IMF, and the multi-scale geomagnetic (Kp, Dst, and AE)
parameters as shown by the blue lines in the accompanying figure. The

solid and dashed (blues) lines mark gf‘; -
the time progression or evolution of g': 11
magnetospheric ~ states.  Using R P R R r'**

magnetospheric state prescriptions, £ o acecam s
the set of magnetospheric input %2
parameters (top four panels) can be
used to specify or “predict” the
corresponding multiple geomagnetic

......................... I S

Vw [kmis)
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responses (red curves) in the bottom
three panels simultaneously. It is
interesting to note that the
magnetospheric state technique can
correctly predict different observed
Dst and AE conditions (black curves)
even though the Kp conditions are
quite similar (see the different sub-
intervals enclosed by the solid and
dashed blue lines). In addition to the
2-day interplanetary shock interval as
shown, the same magnetospheric
state technique was also wused
successfully to obtain out-of-sample
predictions of geomagnetic
responses in a 10-day multiple-storm
interval and in the entire year of
2002 with similar  predictive
efficiency.

Dr. Fung is the recipient of a number
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Magnetospheric states are prescribed by time-shifted solar
wind, IMF, and the multiscale geomagnetic parameters as
indicated by the blue lines. Successive blue (solid and
dashed) lines represent the evolution of magnetospheric
states. The bottom three panels show good agreements
between the observed (black) and prescribed (red)
geomagnetic responses. Predicted by the magnetospheric
state technique. (Fung and Shao, 2008).

of awards including the NASA Group Achievement Award and a Special Act Award.
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Leonard Garcia

Mr. Garcia is a data acquisition scientist with Wyle Information
Systems, LLLC, who supports Code 670 through the SPDF. He
=8 supports the Satellite Situation Center (SSCWeb) through the
maintenance of orbital data for more than a dozen current and past
heliophysics missions, and is the primary point of contact for
IMAGE satellite data held by SPDF. He is also a Co-I on the Virtual
# Wave Observatory (VWO, Shing Fung, PI). He has analyzed
\' IMAGE Radio Plasma Imager data to study the evolution and spatial
extent of plasmaspheric plumes. He also has participated in several
Education and Outreach projects including the Solar System Radio
Explorer Kiosk (SSREK) that he created, which teaches museum visitors about solar,
terrestrial, and planetary radio emissions. He is also newsletter editor and archivist for the
Radio Jove project, which teaches about planetary and solar radio emissions through the
construction and operation of a simple radio telescope. In addition, he wrote an
educational article on Space Weather for the Coalition for Plasma Science and
participated in the Montgomery County Heritage Days 2008 at the site of the discovery of
planetary radio emissions from Jupiter near Seneca, Maryland.

Left: Leonard Garcia at the Planetary Radio Emissions Discovery Site, Monigomery
County Heritage Days 2008. Right: Mr. Garcia presenting SSREK at the Annapolis State
House, 2008.
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Holly Gilbert

HSD’s new Associate Director for Science, Dr. Gilbert joined Code
670 in June 2008 where she has continued doing research on solar
surface phenomena associated with Coronal Mass Ejections (CMEs).
Specifically, she has recently published a paper investigating the
interaction between global chromospheric waves and oscillating
filaments and has just completed a study to determine the relative
Hydrogen and Helium abundance in solar filaments. In addition to
conducting research and leading the E/PO efforts of Code 670, Dr.
Gilbert also served as a Working Group Leader at two meetings
(SHINE* and SECCHI) and sits on the Solar Physics Division Committee and the
Hale/Harvey Prize SPD Committee. She continues collaborations with Rice University
(her previous institution prior to coming to GSFC) and supervises one Ph.D. student
there.

Wave observed in Ho data from the
Mauna Loa Solar Observatory
(MLSO) (top panel), and the initial
stages of filament response to the
passing wave in Ho (middle panel)
and He I (A10830) intensity (bottom
panel) data from MLSO. White
circles show the largest differences
in appearance in the filament in the
two lines.

18:55.07, 18:58.06 19.01.06 19/10.06, 19:19.06,

Alex Glocer

Dr. Glocer joined Code 670 as an NPP in September 2008 after
completing his Ph.D. in space and planetary physics at the University
of Michigan. He has been doing research at GSFC with Dr. Mei-
Ching Fok on modeling radiation belt electrons. Working with Dr.
Fok, he has coupled the Radiation Belt Environment (RBE) model
into the Space Weather Modeling Framework (SWMF) allowing for
the ability to study the radiation belt population as a part of the space
environment system; the initial results of this work have been
submitted for publication. He also presented modeling results
regarding the effect of ion outflow on magnetospheric composition and dynamics at the
AGU spring meeting in Fort Lauderdale, Florida.

" SHINE: Solar, Heliospheric, and Interplanetary Environment
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Melvyn Goldstein

Dr. Goldstein is a space plasma physicist who has been at Goddard
since 1972, first as a National Research Council Postdoctoral
Associate and, since 1974, as a member of what is now the Geospace
Science Laboratory. His research focuses on a variety of nonlinear
plasma processes that can be elucidated using data from the four
Cluster spacecraft. In addition, Dr. Goldstein has participated in large
and complex simulations of the origin of magnetohydrodynamic
turbulence in the solar wind. He also serves as the Project Scientist for
the Magnetospheric Multiscale missions and as NASA’s Project
S(nentlst for the ESA/NASA Cluster mission.

Global
Magnetosphere lonosphere 4) Feb 11, 2002, 1730-2030 UT
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Solar Wind |
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Inner Radiation 100 Lol s ol oS
Magnetosphere Belt 104 103 102 101
(RCM) (RBE) k (km-1)
A schematic showing how the RBE model is A_ cut _Of the wave number SP?CWG Jor  two-
coupled to other codes in the SWMF dimensional (dark black), Alfvénic, (grev), and

compressible (dotted) magnetic fluctuations in the
solar wind as measured by the four Cluster
spacecraft. The construction uses the “wave
telescope” technique to defermine the wave
numbers directly.
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Joe Gurman

Michael Hesse

11 Dr. Gurman is the project scientist for both the SOHO and TRACE
missions. He made presentations to the Senior Review of
Heliophysics Operating Missions, the Heliophysics Data and
Computing Working Group, and the symposium held to celebrate
the tenth anniversary of the SOHO recovery. He also gave
presentations at both the fall and spring AGU meetings.

Dr. Hesse, a space plasma physicist, is Chief of the Space Weather
Laboratory (Code 674), and Director of the CCMC. His research
focuses on the development and assessment of space weather modeling
capabilities, and on basic research of the properties and dynamics of
space plasmas. In his role as Lead Co-I for Theory and Modeling for
NASA’s MMS mission, he develops new theories of magnetic
reconnection, and he advises the MMS project on MMS measurement
priorities. As Director of the CCMC, he collaborates with
governmental, academic, and commercial space weather interests

across the globe. During 2008, Dr. Hesse gave nine invited talks on science and space
weather topics. During the same period, he published nine papers in refereed journals,
two of which as first author, and five as second author. In addition, he gave two short
courses to students at the University of Texas.

Magnetic  field  and
current density during

reconnection

in a relativistic plasma.
Modern research shows
that nonrelativistic re-
connection mechanisms
carry over to relativistic

plasmas.
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Gordon Holman

A solar physicist, Dr. Holman primarily works on the analysis and
interpretation of data from RHESSI. His scientific work has largely
focused on obtaining a better understanding of energy release and
particle acceleration in solar flares. He is the lead author on a review
of the implications of X-ray observations for electron acceleration and
propagation in solar flares, and coauthor of another related review
paper, both submitted to Space Science Reviews. He was the Main
Scientific Organizer for a three-day event at the 37" COSPAR
Scientific Assembly (July 2008) in Montreal, Canada, titled
“Magnetic Reconnection and Particle Acceleration in Solar
Eruptions.” In 2007, he received a NASA/Goddard Special Achievement (Peer) Award
for his April 2006, Scientific American article “The Mysterious Origins of Solar Flares,”
and the 2007 Popular Writing Award for this article from the Solar Physics Division
(SPD) of the American Astronomical Society (AAS). He served on the AAS/SPD
Popular Writing Award Committee in 2008.
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Three consecutive TRACE images with RHESSI contours of a flare on 2002 June 2, indicating
primary electron acceleration in the solar corona before a wishbone structure is visible in the final
TRACE image (Figure 3 of Sui, Holman, and Dennis 2008). The cusp of the wishbone (pointing
downward in the figure, outward on the Sun) is thought to be associated with a coronal current sheet
where magnetic reconnection occurs.

Joseph Hourclé

As the Principal Software Engineer with Wyle IS, Mr. Hourclé has
been working on improvements to, and maintenance of, the Virtual
Solar Observatory (VSO), as well as programming tasks for
STEREO/CORI and testing for support of SDO.

He gave an invited talk at the National Solar Observatory on design
considerations for data, event, and feature catalogs, as well as other
talks about the work being done at the VSO to the AAS SPD/AGU
Joint Assembly pertaining to the work with catalogs, and a more
general state of the VSO report at the Heliophysics Data and
Modeling Consortium meeting. He had a paper accepted for publication and gave
multiple presentations on applying Functional Requirements for Bibliographic Data
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(FRBR), a reference model for library cataloging to scientific data, to disambiguate
between the similar holdings held by an archive or across multiple data archives.
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FRBR applied to scientific data

Kyoung-Joo Hwang
A Research Associate, Kyoung-Joo Hwang (UMBC), joined Code
673 in October 2008 has been doing research at GSFC with Dr.
Goldstein on MMS pre-launch studies. Her recent computational
study, continued her previous work at LASP, Univ. of Colorado,
investigated the development and evolution of the parallel electric
field (often structured as a localized double layer (DL)), electron
phase-space holes, and particle heating, which are prevalent
. phenomena, and of long-standing interest in magnetospheric plasma,
including the reconnection region. A simulation also focused on the
feedback between a moving DL and particles, suggesting a new self-
consistent model. This work is to be submitted to a science journal.
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a) Electron (upper) and ion (lower) phase-space distributions along a simulation length, z (DL is located
at 3/5 %Ly, vipples in fi(z, v,) indicate electron phase-space holes); b) 2-D velocity distribution function
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Jack Ireland

Dr. Ireland works for ADNET Most Probable Frequency - Frequency
Systems, Inc., and in 2007— S e S A
2008, his work lay in three

. . 300 RN

primary areas. First, he :

worked in characterizing and % | =0 oy

understanding the magnetic =20 Haar @

complexity of active regions :E; o g

and 1ts relation to solar :

activity. The second main 1 =
focus of his research work in this period was the 278

agp - = !

understanding of wave propagation in the solar S
atmosphere. The final research area was the - Solarx(px)
development of user-friendly Web interfaces for < map of oscillating material in TRACE 171

. I data (1998 July 14 d b
the exploration of solar data sets, catalogs, and angsirom data (1998 July 14) found by an
automatic  detection algorithm recently

science. He expects to continue working in these  geyeloped by Dr. Ireland and co-workers.
research areas (and add a couple more) in the

coming year. Dr. Ireland also supervised a summer student this year and undertook
SOHO-EIT and Hinode Solar Optical Telescope (SOT) planning duties.
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Shaela Jones

Shaela Jones is a graduate student in physics at the University of Maryland. She is
conducting thesis research at GSFC concerning the solar wind in the inner corona.
Recently, she has given talks and posters at several conferences and submitted an article
on the detection of so-called plasma "blobs" in the COR1 coronagraph aboard STEREO.
Her other research interests include coronal tomography and CME initiation.

Mike Kaiser

Dr. Kaiser is a low-frequency radio astronomer in the Space Weather
Laboratory. He serves as the Project Scientist for the STEREO
Mission and is also the Deputy PI of the STEREO/WAVES
investigation, PI of the Wind/WAVES investigations, and a Co-I of
the Cassini/RPWS" mvestigation. His STEREO Project Scientist
duties occupied nearly half of his time this year, including managing
the hardbound edition of the STEREO instrument and mission
description papers (21 papers) published in Space Science Reviews,
and as Guest Editor of the Solar Physics Topical Issue concerning
STEREO observations and analysis at solar minimum (70 manuscripts). His research
during the past year has concentrated on the surprising detection by STEREO/WAVES of
intermittent, and sometimes large quantities of, interplanetary dust of nanometer size
impacting against the spacecraft. This work has also led to a reanalysis of the Cassini
Jupiter flyby in late 2000 where similar particles of Jovian origin impacted the spacecraft
and were detected by the RPWS instrument. He has also been involved analyzing
Saturnian lightning discharges detected by the Cassini/RPWS instrument, a field of study
he and his colleagues pioneered during the Voyager Saturn flybys nearly three decades
ago.
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George Khazanov

Prior to joining NASA in 2001, Dr. Khazanov was a fully-tenured
Professor of Physics at the University of Alaska Fairbanks. Dr.
Khazanov has extensive experience in space plasma physics and
simulation of geophysical plasmas. His specific research areas include:
analysis of hot plasma interactions with the thermal space plasma with
special emphasis on hot plasma instabilities, investigation of current-
produced magnetic field effects on current collection by a tether
system, space plasma energization and transport, kinetic theory of

/ superthermal electrons in the ionosphere and plasmasphere,

hydrodynamic and kinetic 301
theory of space plasma in the 2 ¥ e
presence of wave activity, _ 7]
theoretical investigation and 3 0 '
numerical modeling of 10
: S -20 * computed
ionosphere-plasmasphere = 2 P
interactions, theoretical study § 1995 1996 1997 1998 1999 2000 2001
of artificial injection of 3 40
charged and neutral particles ¢ 30 actual,
: : S 20
into the ionosphere, and waves 5 1 b
and beam-induced plasma g 0 ] .
instabilities in the ionosphere. ;g |
Dr. Khazanov supervised and -30 computed
] 40 .
directed more than 30 M.S. 2001 2002 2003 2004 2005 2006 2007
and 15 Ph.D. graduates. He is Year

the author or coauthor of 5
books and approximately 250
peer reviewed publications.

The daily averages of the cube root of actual and computed

relativistic (>2 MeV) electron fluxes from 1995 through 2006.

Joe King

Dr. King is interested in long term solar wind variations and in the
best approaches to shifting data from upstream of Earth's bow shock
to Earth's more immediate vicinity for solar wind-magnetosphere
coupling studies. He is active in creating value-added multi-source
data sets, most notably the 1963-2008 solar wind data set called
OMNI, and is currently creating, with N. Papitashvili, an integrated
interface called HelioOMNIWeb to all GSFC/SPDF heliospheric
data. In addition, Dr. King is active in the emerging Heliophysics data
environment characterized by distributed data, VxOs, and metadata

standards (SPASE) Formerly, he was the Head of the National Space Science Data
Center (NSSDC) and was the Interplanetary Monitoring Platform (IMP) 8 Project
Scientist. He is a past recipient of the AGU Edward Flynn Award.
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Alex Klimas

Collisionless magnetic reconnection is an ubiquitous process that
plays an important role in the dynamics of many space, laboratory,
and astrophysical plasma systems. Because it is a complicated
nonlinear process, much of what has been learned about collisionless
reconnection has come from simulation studies. From these studies, a
“Hall reconnection model” has emerged as the generally accepted
paradigm for this process. Recently, however, simulations done with
open, rather than the traditional periodic boundary conditions have
challenged the Hall reconnection model. The purpose of the current,
ongoing research is to modify an available electromagnetic 2 Y-
dimensional particle-in-cell (PIC) reconnection simulation code to incorporate open
boundaries and then to investigate this recent challenge to the Hall reconnection model
using the modified code.

We have developed a new, and far more general, algorithm for open boundaries in PIC
simulation codes. A simple method that allows passage of particles through an open
boundary while maintaining a zero normal gradient for the particle distributions has been
developed. The biggest difficulty with this construct is keeping track of particles lost and
gained but this can be done with very little additional computational load. In addition,
compatible boundary conditions have been imposed on the electromagnetic field at the
open boundaries. We have achieved smooth passage of electromagnetic structures
(magnetic islands, outflow jets, etc.) through the boundaries with no trace of charge
buildup near the boundaries or anywhere else on the computational grid.

The newly available collisionless reconnection simulation code with open boundaries is
performing well and is being used at present to investigate the recent challenge to the
Hall reconnection paradigm.

Jim Klimchuk
. Dr. Klimchuk joined 109E : : S —
the Solar Physics Lab 3 Observations o | 3
3 in early January of : Ozsé Model é
= Rhats 2008. He devoted __ E o 3
| most of his time to g 27_ ]
. studying the heating =10°F 3
\ = = 7
. e of the solar corona, w I ]
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of theoretical models - ]
and observations from the TRACE and 1025 L ! P R S TR

Hinode missions. He developed a highly 10° T (K) 107

efficient numerical simulation code o T

) T Emission Measure distribution (amount of plasma as a
(EBTE.L) for investigating the hydro— fitnction of temperature) observed by the EIS
dynamic response coronal plasmas to  spectrometer on Hinode (squares) and predicted by a

various types of heating. By comparing model active region heated by nanoflares (curve).
predicted and observed radiation
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signatures (EUV emission line intensities and profile shapes, as well as broad-band
intensities in the EUV and soft X-ray), he showed that much of the corona is heated
impulsively by nanoflares. He also used MHD simulations to demonstrate that the
secondary instability of electric current sheets is the likely source of the nanoflares.
Klimchuk remained active in community service as Vice-Chair of the AAS Solar Physics
Division, President of IAU Commission 10, and member of the AAS Committee on
Astronomy and Public Policy, Solar Physics Editorial Board, and GSFC Deputy
Director’s Council on Science. He also led the NASA LWS Focus Team on Solar Origins
of Irradiance Variation.

Yoji Kondo

Dr. Kondo’s research centers around the physical properties and
evolutionary status of close binary stars. He 1s a Co-I on Kepler, an
observatory to be launched in 2009 that will be the first mission
capable of finding Earth-size planets around other stars. Earlier, he
was the Project Scientist for the Internal Ultraviolet Explorer (IUE)
and the Extreme Ultraviolet Explorer (EUVE). Dr. Kondo is also
active in public outreach, writing, and speaking on various aspects of
NASA’s space science program, including the complementary roles of
human and robotic exploration. He has edited 13 professional books
and is the recipient of the NASA Medal for Exceptional Scientific Achievement, the
National Space Club Science Award, and the Isaac Asimov Memorial Award.

Andriy Koval
+u as.g Dr. Koval is a NASA Postdoctoral Program Fellow in Code 672. He
| has been doing research of interplanetary shock properties by
#° improving the technique for determining shock local parameters from
the Rankine-Hugoniot conservation equations. The modified technique
simultaneously determines the shock normal direction and propagation
speed leading to a more accurate solution. The results were presented
1 at the 2008 AGU Joint Assembly. He has been also working on the
improvement of the Wind Magnetic Fields Instrument (MFI)
instrument calibration to eliminate the spin noise in the high resolution

(0.1s) data.
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Maxim Kramar

Dr. Kramar, of CUA, has been working on 3-D reconstruction of the

When observations are only from a single
view direction, a rigid rotation of the
coronal density structures with the Sun
about the ecliptic must be assumed in order
to apply the tomography technique. As a
consequence, only structures that are
stationary over half a solar rotation can be
reconstructed. The obtained electron density
structure could be used for testing coronal
models as the reconstruction reflects nearly
real coronal density structure within
assumptions described above. Results of this
work have been described in a paper that
was submitted for publication in Solar
Physics.

Therese A. Kucera

Dr. Kucera is a solar physicist who

electron density in the solar corona by the regularized tomography
method, and based on data from STEREO spacecrafts. Because the
solar corona is optically thin, coronal observations are essentially
integrated over the line-of-sight (LOS). It is therefore impossible to
resolve the structure of the corona along the LOS if observations are
provided from a single view direction. Observations from different
view positions are necessary to reconstruct the 3-D coronal structure
and 1s the essence of the tomography inversion method.

Reconstruction: CAR 2058

sosurface: Ne = 3.6e + 10 m™3

Isosurface of the electron density in the solar
corona at value 3.6 x 10'° m™ for the period of
Carrington Rotation 2038. The orange inner
sphere corresponds to distance of 1.5 solar
radii.

joined Code 671 as an NRC postdoctoral
fellow in 19931995, and then worked in
the branch as a contractor until 2001
when she became a civil servant. She has
been doing research into the solar
atmosphere with special emphasis on
solar prominences and ultraviolet
spectroscopy. Her other interests include
active regions and coronal cavities. She

has served as the Deputy Project Scientist for STEREO and
SOHO, and as the STEREO E/PO lead. She is currently on
detail to NASA Headquarters as the Heliophysics Solar
received a NASA Group
Achievement award for the STEREO 3-D event.

Discipline Scientist. She
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Alexander Kutepov

Dr. Kutepov is an atmospheric physicist with the Department of
Physics at the Catholic University of America (CUA). He performed
(together with Dr. Feofilov at CUA and GSFC) the non-LTE analysis
of broadband infrared (IR) (5.5-100 pm) limb observations of the
Martian atmosphere by the Mars Global Surveyor (MGS) Thermal
Emission Spectrometer (TES) bolometer. For this study, he employed
the Accelerated Lambda Iterations for Atmospheric Radiation and
Molecular Spectra (ALI-ARMS) non-LLTE model and the forward fit
algorithm developed and applied for retrieving mesospheric and lower

thermospherlc emperatures and trace gas
densities from Earth's limb radiances. It
led to the first global retrievals of
pressures and temperatures in the middle
and upper Martian atmosphere (60-95
km) from the MGS/TES observations,
which demonstrate new interesting
features associated with various forms of
the dynamic activity.
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Together with Drs. Feofilov, Goldberg, Latitude (degree)

and Pesnell (all at GSFC). Dr. Kutepov Nighttime Temperature Distribution in the Martian
also has been working on the water vapor  atmosphere for s=0, retrieved from the MGS/TES
density retrievals in Earth’s mesosphere  Bolometer data

and lower thermosphere from the IR

broadband SABER/TIMED observations of Earth’s limb. The first H,O retrievals from
SABER 6.3 uym radiance in the mesosphere demonstrated both qualitative and
quantitative agreement with other observations and model simulations. They are used for
validating the SABER operational H>O retrievals performed for the next release of the
SABER data.

Nand Lal

Dr. Lal is a member of the Voyager Cosmic Ray Subsystem (CRS)
team. Highlights of the CRS team’s accomplishments in the past year
include: contribution to the successful Senior Review proposal for
the Voyager Interstellar Mission, and publication of observations
from Voyager-2’s crossing of the termination shock: “An asymmetric
solar wind termination shock™ (published in Nature). In the CRS
team’s continuing effort to facilitate broader use of CRS
observations, Dr. Lal has developed tools that make it easier to use

- CRS measurements with other charged particle observations. As a
member of the Virtual Energetic Particle Observatory (VEPO), he has been actively
involved in efforts to improve usability of energetic particle observations by the broader
science community. He developed the metadata descriptions required for access to CRS
observations through VEPO and the Virtual Heliospheric Observatory.
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Derek Lamb
S After defending his
thesis at the University
of Colorado, Dr. Lamb
(Catholic University of
America) started at
Goddard in November. & : ;
He 1s analyzing solar Running difference images of the corona as
coronal mass ejections as  observed by STEREO/CORI. (left) Red circle
observed by the  highlights the initial appearance of a CME.
STEREO-SECCHI/COR1 coronagraphs. (ri_!'ght). Red ellipse highlights significant structure
. ; still visible over 8 hours later.
Some of these ejections show a particularly
slow liftoff, and he is analyzing these events with multiple instruments from multiple
observing positions to determine whether or not these events are fundamentally different
from their more common, much faster counterparts.

Guan Le

Dr. Le is a magnetospheric physicist in the Space Weather Laboratory
(Code 674). She 1s the science lead for the Space Technology 5 (ST5)
mission and has been studying field-aligned currents (FACs) using
multi-points magnetic field measurements from ST5. Her research
focuses on the temporal variations of FACs in short time scales, as
well as the ionospheric closure currents of FACs. She is a science Co-I
of the Vector Electric Field Instrument on the C/NOFS mission. Her
research focuses on the ionospheric currents using the C/NOFS
magnetic field data. She is the Deputy Project Scientist for MMS and
the Project Scientist for Geotail. She is a member of AGU’s Space Physics and
Aeronomy (SPA) Section executive committee, and serves as the editor of SPA Web site
and co-editor of the SPA Newsletter.

Spacecraft Footprints FAC Magnetic Field
in Magnetic Coordinates in SM Coordinate System

%
5.3 58888

oBy 3o ;-E-F_mr __ ----- =
-800
f 800
Midnight | n &
'\ thj&g
60D
oIBL%
(M)adf =
4001 — 1% 2006/04/14

—— UT 10:40 10550 11:00 11:10 11:20 11:30 11:40

2006/04/14 Dawn Alt 094 (km) 1525.9 1519.7 3402.3 4062.4 4454.2 4460.4 43772
MLT_094 (Hr) 452 3.93 282 2317 1912 17.93 1743

MLat 094 () 179 452 661 -77.9 -69.9 -55.0 -39

68



GSFC Heliophysics Science Division 2008 Science Highlights

Ronald P. Lepping

Interplanetary magnetic clouds (MCs) are known to cause some of the
most intense geomagnetic storms. The north-to-south type of magnetic
cloud 1s expected
to be the most
prevalent for the v 4

next six or seven
years. Ron, in

| (1) Real-time MC Auto ID-Program |

collaboration (3) Lepping-Narock-Wu Front Boundary
Wl with C.-C. Wu Program to obtain corrected time, ts*
and T. Narock used this fact to v
develop a practlcal scheme to (4) Comprehensive MC Fitting Program (accounting for

MC Expansion and Compression) and using ts*

predict the latter part of the MC
from the earlier part, in order to help
forecast the expected geomagnetic
storm many hours in advance, with
an extra hour lead-time because the
spacecraft is expected to be at L1

(e-g., ACE) The “Comprehensive” Real-Time Dst forecasting scheme based on MC observations
MC fitting program differs from  and parameter modeling.

previous, and most other, MC fitting

programs, in that it maintains the same estimate of the MC’s axis from the older fit-
program, but attempts to account for MC expansion and compression explicitly. The
previous fit program is usually not accurate enough to estimate the intensity of the MC’s
field, but it is usually very accurate in obtaining the MC’s axis and useful in helping to
affirm if an MC is really being observed in the first place, early in the scheme. It is
expected that this program will predict storms by five or six hours before actual
occurrence time, for most MCs.

(6) Calculation of Tue,
i.e., L1-to-Earth

Generation date:
07-25-08

Alexander S. Lipatov

Dr. Lipatov, of UMBC, has a collaboration with Drs. E.C. Sittler, R.E.

Hartle, and J.F. Cooper in 3-D hybrid-kinetic simulation of the plasma

environment near Titan, Europa, and the Solar Probe. His basic

research interests concern numerical simulation in astrophysical and
laboratory plasmas:

o Development and application of the advanced multiscale
simulation codes including the hybrid and the Complex Particle
Kinetic concepts;

. . o Global multidimensional, multiscale, multifluid, and hybrid (fluid-
kinetic) simulations of the interaction of the solar wind with the magnetospheres of
Earth, Venus, Mars, comets, and moons;

o Hybrid/kinetic multiscale simulation of turbulent processes, particle heating and
acceleration at the front of collisionless shocks, and magnetic field reconnection in
the plasma systems with reversed magnetic field configuration, with application to
solar flares, magnetosphere of the planets, bow shocks, interplanetary shocks, and the
termination shock;

69



GSFC Heliophysics Science Division 2008 Science Highlights

Hybrid simulation of the (plasma and dust) beam propagation in plasma;
Boltzmann (kinetic/fluid) global simulation of the interaction of atoms from the local
interstellar medium with the heliosphere.

Wei Liu

Electric field
0.04 component E. in
0.02 the y-x and z-x
0.00 planes near the
0,02 Solar Probe.

Dr. Liu is an NPP Fellow who joined Code 671 in January 2007. He
has been working with Drs. Dennis and Holman in the GSFC
RHESSI group. The objective of his research is to understand particle
acceleration and energy release mechanisms in solar flares. His
primary approach is analyzing soft and hard X-ray data obtained by
RHESSI, together with complementary numerical modeling using a
novel technique of combined particle and hydrodynamic simulation.
His major findings in the past year include locating the magnetic
reconnection site in an over-the-limb flare by analyzing RHESSI
images and spectra of spatially resolved sources. He presented his
research at several meetings including the 2007 AGU Fall Meeting and the 37th
COSPAR Scientific Assembly. He has published papers in refereed journals and an
extended version of his Ph.D. Thesis in a book.
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Left: Sketch of the physical scenario for a solar flare superimposed on the RHESSI 14—16 keV image
(green background), overlaid with the corresponding 9—10 (red) and 16—19 keV (blue) contours. Right:
Spectra of the lower and upper coronal sources and the spatially integrated spectrum (labeled as "total").
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Robert McGuire

Bob McGuire is currently the Associate Director for Science
Information Systems in Code 670. He also leads and directs the Space
Physics Data Facility (SPDF) project as its Project Scientist. SPDF
develops and operates multi-mission and active archive data and
display services (e.g., CDAWeb), orbit planning and display services
(e.g., SSCWeb), and supports the maintenance and use of the Common
Data Format (CDF) heliophysics format standard, among other
~' | activities. He was the Lead Scientist for IMP-8, and the PI on the
A -!L Goddard Medium Energy Experiment (GME) energetic particles
experiment until the failure of IMP-8 in 2006. He also has science interests in solar and
other heliospheric particle composition and acceleration, as well as data systems, and he
is the Co-I on several current Virtual discipline Observatory (VxO) investigations.

Jan Merka

Dr. Merka is a space physicist with UMBC, and has been at GSFC
since April 2001. He has been doing research in terrestrial bow
shock properties and modeling. His 2008 activities were directed
towards the development of the Virtual Magnetospheric
Observatory, a portal for a unified search and retrieval of data for
magnetospheric research (http://vmo.nasa.gov). Working with Dr.
Szabo and T. Narock, he also works on the Virtual Heliospheric
Observatory project dedicated to heliospheric data products. In
2008, he was either the prime author or co-author on 5 papers and
11 presentations at international meetings.

Dr. Milligan is an NPP Fellow working with Dr. Brian Dennis as part
of the RHESSI group. His research primarily focuses on solar flare
observations by combining data from RHESSI and Hinode. His first
publication from this work showed that microflares can achieve
higher coronal temperatures if less energy is used in accelerating
particles. This work was presented at the 37th COSPAR meeting in
Montreal and the UK National Astronomy Meeting in Belfast, and
was the subject of a NASA press release. He 1s continuing this work
by investigating the process of chromospheric evaporation using the
two spacecraft, and also the flare/CME relationship using RHESSI
and STEREO. Dr. Milligan has hosted two students from Trinity College of Dublin this
year who have been working on flare cooling using RHESSI and the SOHO Coronal
Diagnostic Spectrometer (CDS) and statistical analysis of flare temperatures using 30
years of GOES data. Dr. Milligan is also one of the Max Millennium Chief Observers,
has served on a NASA review panel, and helped out at the NASA exhibit at the 2008
Folklife Festival.
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Images of a solar flare using each of the instruments on Hinode plus RHESSI. Left: Solar
Optical Telescope (SOT) Ca II H image. Center: X-Ray Telescope (XRT) image with RHESSI
contours overlaid. Right: an EUV Imaging Spectormeter (EIS) velocity map in Fe XV.

Tom E. Moore
‘ s Dr. Moore is HSD’s Deputy Director. His principal research activities
in FY08 were: Fast Plasma Investigation development; IBEX-L.o
preparations for Mission Operations and Data Analysis (MO&DA);
MO&DA activities for the Polar/TIDE" investigation; and an LWS
Targeted Research and Technology (TR&T) task "Storm Time Plasma
Redistribution: Processes and Consequences.” The first two of these
benefited from experience with the others, which came together in a
study reporting the first magnetospheric simulation to include all
relevant observed plasmas: solar wind, polar wind, auroral wind, and
plasmaspheric wind. The newest element simulated was the plasmaspheric wind, created
when reconnection with the solar wind magnetic field liberates plasmas usually trapped
deep in the magnetosphere (the plasmasphere), circulating them to the magnetospheric
boundary layers, where they are lost downstream, or re-circulated through the
magnetotail to the inner magnetosphere with large increases in particle energy. The
surprising result was that the plasmasphere makes a small contribution to the storm ti